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RESUMO 
O processo de fragmentação da paisagem e redução da cobertura vegetal, potencializado pela 
expansão das atividades humanas, é hoje a maior ameaça à biodiversidade. As espécies 
especialistas florestais, como os primatas Neotropicais, estão entre as mais vulneráveis a esta 
mudança. No nordeste do estado de São Paulo, cuja vegetação sofre intensa redução e 
fragmentação, bugio-preto (Alouatta caraya), macaco-prego (Sapajus nigritus), sauá 
(Callicebus nigrifrons), e mico-estrela (Callithrix penicillata) ocorrem em simpatria. Nós 
estudamos a influência da estrutura da paisagem sobre essas espécies. Para isso, fizemos 
levantamentos da ocorrência das espécies em 17 fragmentos florestais e, nos locais onde 
detectamos a presença de sauá, realizamos estimativas de sua densidade populacional e 
avaliamos seu comportamento vocal em resposta ao estímulo de playback. Primeiramente, 
avaliamos o tamanho da paisagem (escala de efeito dentre paisagens de 0,2 a 28,3 km²) que 
melhor prediz as respostas dos primatas às variações em atributos da paisagem. Em seguida, 
testamos quais atributos influenciam a riqueza de espécies, a densidade de sauás e o 
comportamento vocal dos sauás (representando seu comportamento de defesa de recursos). As 
respostas dos primatas às alterações na estrutura da paisagem são dependentes da escala, que 
varia de acordo com o atributo da paisagem e resposta biológica avaliada. A riqueza de 
espécies esteve associada ao tipo de vegetação do fragmento focal e negativamente à 
quantidade de cobertura florestal e de borda florestal presente na paisagem. A complexidade 
estrutural e maior diversidade de plantas no fragmento focal possivelmente possibilita a 
coexistência de maior número de espécies. Além disso, a probabilidade de registro dessas 
espécies no fragmento avaliado é maior quando a paisagem apresenta menor disponibilidade 
de hábitat. A densidade de sauás foi negativamente afetada pela cobertura florestal na 
paisagem, relação potencializada pelo grau de fragmentação do hábitat. Este cenário, em curto 
prazo, pode levar a um adensamento dos indivíduos no pouco hábitat disponível. Tal aumento 
de densidade pode ser favorecido também por outros processos, por exemplo, a diminuição da 
taxa de predação. Porém, em longo prazo, essa situação pode ter um efeito negativo para a 
população e, portanto, deve ser avaliada com cuidado. Além disso, o comportamento vocal 
dos sauás foi mais intenso nos fragmentos inseridos em paisagens com maior cobertura 
florestal, sugerindo que a disponibilidade de recursos florestais na paisagem pode influenciar 
o seu comportamento de defesa de recursos. Portanto, a estrutura da paisagem afetou os 
primatas em vários níveis, desde seu comportamento até dinâmicas populacionais e de 
comunidade.  
ABSTRACT 
Currently, the habitat loss and fragmentation, driven by intense human land use, is the main 
threat to biodiversity. Forest specialists, such as the Neotropical primates, are particularly 
vulnerable to changes in landscape structure. In the northeast of São Paulo State, region under 
intense fragmentation and deforestation, four species (Alouatta caraya, Sapajus nigritus, 
Callicebus nigrifrons, and Callithrix penicillata) occur in sympatry. We evaluated the 
influence of landscape attributes on these primate species. We surveyed 17 forest patches to 
determine the presence of primates species, and where titi monkeys (C. nigrifrons) were 
detected we estimated titi monkeys density and evaluated their respose to playback stimlus. 
Firstly, we evaluated the landscape size (scale of effect) that best predicted the primates 
responses to changes in landscape attributes. After that, we tested the influence of landscape 
structure on species richness, titi monkeys density, and titi monkeys’ vocal behavior 
(representing their resource defense behavior). Primates response to landscape change are 
scale dependent, having strong effects in different spatial scales according to the landscape 
variables and biological response evaluated. Species richness was strongly associated to the 
vegetation type of focal patch and negatively to the forest cover and forest edge density. The 
structural complexity and higher plant diversity in the focal patch possibly support a high 
number of species. Moreover, the probability of registering a species in the focal patches is 
increased in landscapes with low habitat availability. Titi monkeys density was strong and 
negatively affected by landscape forest cover, a relationship potentiated by the magnitude of 
forest partitioning. In the short term, this landscape features can lead to an increase in the 
number of individuals in the few remnants. But, this increase of animals density can also be 
promoted by other processes occurring under this landscape scenario, such as the reduction on 
predation rate. However, the increase of primates density should be observed with cautions, 
because in the long term this situation can have a negative effect to the species. Besides, the 
forest cover also influenced the titi monkeys’ vocal behavior, which increased according to 
the increment of forest cover in the landscapes. This behavioral response suggests that 
resource availability in the landscape may influence the resource defense behavior of primates 
species. Therefore, landscape structure affected primates in different levels, from behavioral 
patterns to population dynamics and community. 
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O uso e a ocupação do solo pelas atividades humanas são responsáveis por grande 
parte da modificação da paisagem [Ellis, 2013]. Como resultado, o processo de fragmentação 
da paisagem, dado pela perda e/ou repartição dos hábitats em unidades menores [Wilcove et 
al., 1986; Fahrig, 2003], é atualmente considerado uma das maiores ameaças à biodiversidade 
[Tabarelli et al., 2004; Gibson et al., 2011; Ellis, 2013]. A fragmentação per se e a perda de 
hábitat geralmente ocorrem de forma conjunta, mas a ocorrência de uma pode ser 
independente da outra, de forma que é possível a redução de hábitat sem sua subdivisão ou o 
contrário [Boscolo & Metzger, 2015]. A forma com que essas modificações na paisagem vão 
afetar a persistência de uma espécie é dependente das características da espécie [Wiens et al., 
1993; Metzger, 2001; Fischer & Lindenmayer, 2007]. A perda e fragmentação do hábitat 
alteram a estrutura da paisagem, que é dada por sua composição (tipos e quantidade de cada 
unidade geográfica) e configuração (relacionada ao arranjo espacial dessas unidades no 
espaço) [Fahrig, 1998]. A variação nessas características estruturais da paisagem influencia os 
processos ecológicos que determinam a persistência das espécies [Desouza et al., 2001; 
Arroyo-Rodríguez & Fahrig, 2014]. Ou seja, além das alterações nas características dos 
fragmentos de vegetação (escala local), o contexto espacial (escala de paisagem) também 
influencia processos que afetam as respostas biológicas observadas [Wiens, 1989; Arroyo-
Rodríguez et al., 2013; Garmendia et al., 2013]. 
A perda de hábitat pode levar a diminuição do tamanho dos fragmentos e ao 
aumento no isolamento dos mesmos [Andrén, 1994; Fahrig, 2013], que para algumas espécies 
pode resultar numa diminuição no tamanho de suas populações e até mesmo extirpações 
locais [Ewers & Didham, 2006]. Porém, a configuração da paisagem, como a quantidade de 
fragmentos de vegetação, a proximidade entre eles e a presença de estruturas ligando-os, pode 
oferecer a conectividade estrutural necessária para possibilitar a dispersão de indivíduos e a 
dinâmica populacional [Fahrig, 1998] que permitem a persistência da espécie. Além disso, a 
porção não-hábitat da paisagem [matriz; Metzger, 2001] pode funcionar como um filtro 
seletivo da movimentação das espécies entre os fragmentos de hábitat [Marsh, 2003]. Nesse 
caso, a conectividade funcional da paisagem é diretamente relacionada com a capacidade de 
cada espécie deslocar-se ou fazer uso desta matriz [Arroyo-Rodríguez & Mandujano, 2009]. 
Quando a permeabilidade da paisagem é baixa para uma espécie, suas populações tornam-se 
isoladas, o que reduz seu tamanho e viabilidade em longo prazo [Fahrig, 2003]. Portanto, a 
modificação da paisagem pode levar à extirpação local de algumas espécies sensíveis ou ao 
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aumento populacional de outras consideradas ecologicamente flexíveis [Michalski & Peres, 
2005; Silva Jr. & Mendes-Pontes, 2008]. 
Os processos que influenciam os padrões de biodiversidade - desde alterações em 
dinâmicas populacionais, competição e predação, até processos de colonização e extinção de 
espécies [Ricklefs, 1987; Wiens, 1989; Fischer & Lindenmayer, 2007]-, estão ocorrendo em 
diferentes escalas de paisagem [Fischer & Lindenmayer, 2007]. Cada espécie, de acordo com 
suas características, responde mais fortemente a diferentes processos que estão ocorrendo em 
escalas distintas [McGarigal & Cushman 2002; Miguet et al., 2015]. Essa escala de efeito está 
relacionada principalmente com a mobilidade da espécie, como sua área de vida ou, 
sobretudo, à sua capacidade de dispersão [Jackson & Fahrig, 2012]. Além disso, a variável 
resposta observada (p.ex. ocorrência ou abundância) e o atributo da paisagem avaliado 
também vão influenciar qual a escala de maior efeito para o padrão estudado [Miguet et al., 
2015]. Portanto, é necessário conhecer a escala correta dos efeitos sobre as respostas 
biológicas investigadas [Wiens, 1989], para medir e avaliar de forma acurada a influência da 
estrutura da paisagem sobre as espécies.  
As espécies especialistas florestais, como os primatas Neotropicais, são as mais 
sensíveis à perda e fragmentação dos remanescentes florestais [Chapman & Peres, 2001; 
Gilbert & Setz, 2001; Marsh et al., 2013]. Alguns estudos apontam que os efeitos da 
fragmentação são negativos para os primatas, alterando respostas comportamentais [Pozo-
Montuy & Serio-Silva, 2007], organização social [Coutinho & Corrêa, 1995], distribuição 
geográfica [Li et al., 2003] e variabilidade genética [Gonçalves et al., 2003]. No interior do 
estado de São Paulo, onde a paisagem encontra-se bastante alterada [Joly et al., 2008], quatro 
espécies de primatas (Callithrix penicillata, Callicebus nigrifrons, Sapajus nigritus e Alouatta 
caraya) são encontradas em simpatria [Dornelles, 2001; observação pessoal]. Essas quatro 
espécies diferem na sua biologia e, assim, na forma em que se relacionam com o ambiente 
[Bicca-Marques, 2003; Fragaszy et al., 2004; Corrêa & Coutinho, 2008; Bicca-Marques et al., 
2009; Bicca-Marques & Heymann, 2013]. Desta forma, possivelmente respondem ao arranjo 
da paisagem de maneira distinta, de acordo com suas características biológicas, suas 
necessidades específicas de hábitat e sua capacidade de deslocamento pela matriz [Metzger, 
2001; Bicca-Marques, 2003; Arroyo-Rodríguez & Mandujano, 2009]. Entretanto, ainda são 
poucos os estudos de primatas sob esta perspectiva de paisagem para compreender como eles 
são afetados pela modificação da paisagem [Arroyo-Rodríguez et al., 2013]. Assim, tais 
estudos são extremamente necessários para ampliar nosso conhecimento sobre as espécies, 
sua capacidade de adaptação às mudanças da paisagem, o grau de risco de desaparecimento 
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O objetivo geral deste trabalho foi avaliar as características da estrutura da 
paisagem relacionadas com a riqueza de primatas (dentre as espécies: Callithrix penicillata– 
mico-estrela, Callicebus nigrifrons– sauá, Sapajus nigritus– macaco-prego e Alouatta 
caraya– bugio-preto) e com a densidade e o comportamento vocal de C. nigrifrons em uma 
região fragmentada no nordeste do estado de São Paulo. 
Objetivos específicos:  
 Ajustar um método de levantamento populacional para primatas, para obtenção 
de dados de densidade em fragmentos florestais a serem utilizados nas avaliações sobre a 
resposta populacional à variação da estrutura da paisagem (Capítulo 1); 
 Avaliar qual escala espacial em que os atributos da paisagem (densidade de 
fragmentos florestais, densidade de borda florestal, cobertura florestal, cobertura antrópica) 
são melhores preditores da riqueza de primatas e da densidade de sauás (Capítulo 2);  
 Avaliar quais atributos, tanto em escala local e de paisagem (tipo de vegetação 
do fragmento focal, densidade de fragmentos florestais, cobertura florestal, densidade de 
borda florestal), influenciam a riqueza de primatas (Capítulo 3); 
 Avaliar o efeito relativo da composição (cobertura florestal) e configuração 
(densidade de fragmentos florestais e densidade de borda florestal) da paisagem sobre a 
densidade de sauás (Capítulo 4); 
 Avaliar se a resposta vocal de sauás a estímulos de playbacks é influenciada 
por atributos da paisagem (cobertura florestal e densidade de fragmentos florestais), 
considerando o comportamento vocal como representação do comportamento de defesa de 
recursos da espécie (Capítulo 5). 
 
Área de estudo 
O estudo foi desenvolvido na região nordeste do estado de São Paulo, próxima aos 
municípios de Ribeirão Preto, São Carlos e Santa Rita do Passa Quatro. Na região, são 
encontrados remanescentes de Cerrado e de Floresta Estacional Semidecídua (Mata 
Atlântica), distribuídos em fragmentos de propriedades particulares e em unidades de 
conservação (Parque Estadual de Vassununga, Estação Ecológica de Jataí e Estação 
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Experimental de Luiz Antônio). A Mata Atlântica no interior do estado de São Paulo sofreu 
seu maior desmatamento no início do século XIX com a expansão da cafeicultura [Kronka et 
al., 2005]. Já em 1962, apenas 29% de sua cobertura original estava preservada [Nalon et al., 
2008], e atualmente conta com apenas 12 a 16% [Ribeiro et al., 2009]. As áreas de Cerrado 
sofreram uma ocupação mais recente, iniciando em meados do século XIX com a chegada do 
café na região, passando pelo incentivo à silvicultura [Shida, 2005]. Porém, grande parte da 
redução de sua cobertura ocorreu na década de 70, com o incentivo rural promovido pelo 
governo como estratégia para superar a crise econômica [Shida, 2005]. A perda e 
fragmentação do hábitat da região foram fortemente impulsionadas pelo programa Pró-Alcool 
(década de 70) que incentivou a cultura de cana-de-açúcar [Tolmasquim & Serva, 2008]. 
Apesar de mais recente, a destruição do Cerrado foi avassaladora, com 90% de sua área 
perdida a partir de 1960 [Joly et al., 2008]. Atualmente, a região é caracterizada por paisagens 
heterogêneas dominadas por pequenos fragmentos de vegetação (80% dos fragmentos <50 ha 
[Ribeiro et al., 2009]) e por áreas agrícolas dominadas pela monocultura de cana-de-açúcar 
[Martinelli & Filoso, 2008]. 
O clima da região é caracterizado por duas estações, uma com temperaturas e 
precipitações elevadas e a outra seca com temperaturas baixas [Martins, 1991]. O relevo é 
considerado plano, com pequenas ondulações e depressões [Santos et al., 2000; Shida, 2005]. 
A área de estudo engloba o entorno da Estação Ecológica do Jataí (localizada 
aproximadamente em 21°30’S e 47°40’O), onde foram selecionados 17 fragmentos florestais 
(Figura 1, Tabela 1), com área entre 10 e 356 ha: oito de Floresta Estacional Semidecídua e 
nove de Cerradão (savana florestada [Oliveira & Marquis, 2002]). Dentre os 17 fragmentos 
florestais, os levantamentos por varredura para estimativa de densidade dos sauás (C. 
nigrifrons) foi feito em 12 fragmentos (Capítulo 1), pois em três fragmentos estudados os 
sauás estavam ausentes, e em outros dois não foi possível completar os levantamentos. Para as 
análises de paisagem um fragmento foi eliminado do estudo devido à sobreposição espacial 
(Capítulos 2 a 5). Dessa forma, para a análise da influência da paisagem na riqueza de 
espécies de primatas, utilizamos as paisagens que compreendiam 16 fragmentos (Capítulos 2 
e 3). Para a influência sobre a densidade utilizamos 14 fragmentos (Capítulos 2 e 4), devido à 
exclusão dos dois fragmentos que não pudemos realizar a estimativa de densidade (os três 
fragmentos com sauás ausentes foram considerados como densidade = 0); e para o estudo do 
comportamento de defesa de recursos, excluídos também os fragmentos com sauás ausentes, 





Figura 1. Localização dos fragmentos amostrados na região nordeste do estado de São Paulo, com 
destaque aos trechos de rodovias que delimitam a área estudada (SP 310 e SP 330 são rodovias 
duplicadas). A identificação dos fragmentos corresponde às letras que identificam os fragmentos na 
Tabela 1 e ao longo da tese. 
 











A cerradão 3,41 12,89 1,99 
B cerradão 3,56 12,50 1,870 
C cerradão 2,05 7,62 1,50 
D cerradão 0,93 6,14 1,79 
E cerradão 0,88 3,83 1,15 
F cerradão 0,86 4,83 1,47 
G cerradão 0,51 3,64 1,44 
H cerradão 0,28 2,13 1,14 
I cerradão 0,20 2,14 1,36 
J fes 3,36 12,37 1,90 
K fes 3,17 15,37 2,43 
L fes 2,22 12,89 2,44 
M fes 1,34 5,84 1,42 
N fes 0,9 6,68 1,99 
O fes 0,69 4,27 1,45 
P fes 0,25 2,68 1,51 
Q fes 0,10 1,53 1,34 
fes= floresta estacional semidecídua 
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Espécies de estudo  
Das espécies de primatas que ocorrem na região (Figura 2), Callithrix penicillata 
e Alouatta caraya estão classificadas como “pouco preocupantes”, e Callicebus nigrifrons e 
Sapajus nigritus como “quase ameaçadas”, todas com populações decrescentes, segundo a 
última classificação da IUCN [2015]. As quatro foram encontradas em simpatria na Estação 
Ecológica do Jataí [Dornelles, 2001; observação pessoal] e diferem em suas características 
biológicas (Tabela 2).  
 
Figura 2. Espécies de primatas encontradas na região de estudo. a- Callithrix penicillata 
(mico-estrela); b- Callicebus nigrifrons (sauá); c- Sapajus nigritus (macaco-prego); d- 
Alouatta caraya (bugio-preto) [imagens: CC Gestich]. 
 
Essas são espécies bastante vocais, o que permite sua busca por intermédio de 
suas vocalizações. Os sauás possuem um repertório vocal complexo, sendo o dueto o canto 
mais característico. Os duetos são vocalizações de longo alcance, compostos por sequências 
de sons alternados e sincronizados entre o macho e a fêmea, com principal função de defesa 
de território [Robinson, 1979; Caselli et al., 2014; 2015]. Os bugios também utilizam 
vocalizações de longo alcance (rugidos) emitidas tanto por machos quanto por fêmeas, 
embora os machos a exibam com maior frequência, cuja função sugerida para A. caraya é a 
sinalização de ocupação da área entre grupos [da Cunha & Byrne, 2006]. Os macacos-prego 
19 
 
possuem um rico repertório vocal, e mantem constantemente contato vocal entre os indivíduos 
do grupo, além de exibirem cantos de longa distância de alerta a predadores e intrusos 
[Fragaszy et al., 2004]. Os saguis fazem uso dos chamados de longa distância em vários 
contextos, o que inclui a defesa de território, coesão do grupo e atração para reprodução, que 
são exibidos por todos os membros adultos do grupo e juvenis mais velhos [Mendes, 1997]. 










 0,30 a 0,45 
Onívora  
(com boa porção de 
frutos e goma)  
0,07 a 0,35 
Grupos com fêmeas 
dominantes  
(3 a 16 indivíduos) 
Callicebus spp.
2









 2,5 a 3,6 
Onívora  
(usam recursos da 
matriz) 
0,80 a 3,0 
Poligínicos 
(de 5 a 40 indivíduos) 
Alouatta spp.
4
 3,5 a 7,3 Folívora-frugívora  0,10 a 0,25 
Poligínicos  
(4 a 10 indivíduos) 
1.
 Corrêa & Coutinho, 2008; 
2.
 Bicca-Marques & Heymann, 2013; 
3.
 Freese & Oppenheimer, 1981; Fragaszy et al., 
2004; Freitas et al., 2008; 
4.
 Gregorin et al., 2008. 
  
Para os levantamentos das espécies nos fragmentos focais, reproduzimos 
gravações de suas vocalizações para aumentar a detectabilidade dos animais. Algumas 
gravações foram obtidas dos arquivos de “Sounds of Neotropical Rainforest Mammals” 
[Emmons et al., 1997]: Callithrix flaviceps, Alouatta caraya, Sapajus sp. Apesar de não serem 
das mesmas espécies buscadas, as gravações para saguis foram recomendadas por outros 
pesquisadores e mostraram sucesso durante os levantamentos. Também usamos uma gravação 
adicional de Alouatta caraya, fornecida por RGT da Cunha, e uma gravação de indivíduos 
híbridos de C. aurita com C. jacchus, gravados por CC Gestich, em vida livre, na região de 
Nazaré Paulista- SP. As gravações para sauás foram fornecidas pela pesquisadora C. B. 
Caselli [Caselli, 2013; Caselli et al., 2014]. As gravações foram editadas a fim de selecionar 
um trecho de duração de um minuto, e previamente testadas com grupos de cativeiro para 
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CAPÍTULO 1:  
ESTIMATIVA DE DENSIDADE POPULACIONAL DE PRIMATAS: O USO 




Medidas acuradas da densidade populacional são essenciais para obter dados demográficos e 
responder questões ecológicas. Dentre os vários métodos propostos para coletar dados de 
abundância de animais, a amostragem por transecto linear é o mais amplamente usado. 
Entretanto, os pressupostos para obter uma estimativa robusta de densidade por meio deste 
método são raramente cumpridos em estudos com primatas. Como a maioria dos primatas são 
espécies vocalmente ativas, a estimativa de densidade pode ser melhorada associando a 
amostragem por transectos com a reprodução de playbacks distribuídos sistematicamente por 
toda a área de estudo. Porém, cuidados com os procedimentos de playback e o desenho 
amostral são essenciais. Neste trabalho, nós descrevemos um protocolo para estimar a 
densidade de primatas usando playbacks e testamos este método em levantamentos de 
Callicebus nigrifrons, um pequeno primata Neotropical que apresenta fidelidade à área de uso 
e ativo comportamento vocal. Nós listamos passos importantes e discutimos cuidados a serem 
considerados, desde os ajustes nas gravações até o procedimento de campo. Antes dos 
levantamentos, nós realizamos testes prévios, com três grupos habituados em três diferentes 
locais para definir o raio de alcance do playback. Então, realizamos dois levantamentos em 12 
fragmentos florestais, no nordeste do estado de São Paulo. Os resultados foram consistentes 
entre os dois levantamentos, mostrando que além de ser uma ferramenta simples, o método 
produz dados confiáveis. Sugerimos que este é um bom método alternativo para a estimativa 
de densidade populacional, principalmente de espécies responsivas a estímulos de playback e 
que apresentam fidelidade à área de uso. 
 
Palavras-chave: Callicebus nigrifrons, densidade populacional, transectos.  
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Accurate measures of animal population densities are essential to assess their status, 
demography, and answer ecological questions. Among several methods proposed to collect 
abundance data, line transect sampling is the most used. The assumptions required to obtain 
accurate density estimates through this method, however, are rarely met when studying 
primates. Since most primate species are vocally active, density estimates can be improved by 
associating transect sampling with playback point counts to scan the entire study area. Yet, 
attention to playback procedure and data collection design is necessary. Here, we describe a 
protocol to assess primate densities using playback and test its application on surveys of 
Callicebus nigrifrons, a small Neotropical primate that shows site fidelity and active vocal 
behavior. We list important steps and discuss precautions that should be considered, from the 
adjustments in the recordings in the lab to field procedures in the playback broadcasting 
sessions. Prior to the surveys, we conducted playback trials with three habituated wild groups 
at three forest remnants to test their response to the playback stimuli at different distances. 
Based on these trials, we defined the radius distance covered by the playback sessions. Then, 
we conducted two surveys in 12 forest remnants, in the northeast of São Paulo State Brazil. 
The results of density estimates were consistent between the two surveys. Since the playback 
survey protocol we described has proved to be a simple and useful tool for surveying vocal 
primate and generated reliable data, we suggest that it is a good alternative method to estimate 
density of species, particularly for those that are responsive to playbacks and show site 
fidelity. 
 




Accurate measures of animal populations are essential to understand their 
demography, answer questions related to species ecology, evaluate species’ conservation 
status, and develop conservation and management plans [Krebs, 2009; Plumptre et al., 2013]. 
Accordingly, a series of different methods based on direct or indirect observations are 
available to estimate density of mammals [Seber, 1986; Brockelman & Ali, 1987; Schwarz & 
Seber, 1999; Wilson & Delahay, 2001]. Among these methods, line transect sampling is the 
most commonly used to estimate the abundance of primates in tropical forests [Peres, 1999]. 
The use of line transect sampling, however, implies that several assumptions have to be made 
to guarantee precision and accuracy in population estimates [Hassel-Finnegan et al., 2008]. 
Meeting all these assumptions simultaneously is difficult or nearly impossible, especially 
when dealing with rare, widely dispersed, and elusive or cryptic species [Marshall et al., 
2008; Plumptre at al. 2013]. Moreover, studies can vary in the application of the line transect 
methodology and in the analyses employed, which can produce results that are not strictly 
comparable [Peres, 1999; van Kuijk et al., 2016]. Although it is possible to mathematically 
minimize some of the problems resulting from the failure to meet assumptions, a high number 
of sightings (n>40) is necessary for doing so [Buckland et al., 2001] and it is rarely achieved 
in primate studies. 
Since most primate species are vocally active [Peck et al., 2011], auditory surveys 
with triangulation of natural calls are regularly used to circumvent this issue, increasing the 
number of records [Estrada et al., 2004; Aldrich et al., 2008; Cheyne et al., 2008; Gray et al., 
2010; Hamard et al., 2010; van Kuijk et al., 2016]. This approach is particularly useful for 
species that are difficult to locate visually. Furthermore, calls can be elicited by playbacks in 
those vocally responsive species [Dacier et al., 2011; Peck et al., 2011]. Therefore, playback 
stimuli can be used in auditory sessions in conjunction to transect sampling, improving 
detection and, as a consequence, the density estimates. However, the procedure to calculate 
the density is the same of line transect sampling, and, therefore, must follow the same 
assumptions [Dacier et al., 2011], and face the same problems resulting from the failure to 
meet them. 
A systematic design of data collection in which playback broadcasting sessions 
are distributed throughout the entire study area may increase the quality of surveys, but such 
approach is rarely followed [but see Kierulff, 1993; Pinto, 1994; Kierulff & Rylands, 2003; 
Pereira et al., 2010]. To apply this technique, however, some precautions in stimuli 
preparation and playback presentation are necessary to avoid errors in estimating density 
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values [Peck et al., 2011; Fischer et al. 2013]. Although usual in playback studies with other 
groups, such as birds [Appleby et al. 1999; Dahlin & Wright, 2011; Grafe & Bitz, 2004; Hall, 
2000], these precautions are generally neglected or not reported in primate research [but see 
Fischer et al. 2013]. Here, we propose and test a protocol to assess primate density using 
playbacks in a systematic way, in an attempt to map and count all groups present in a study 
area. We list important steps that should be considered when using playbacks to estimate the 
density of primates. We also discuss precautions to be taken during the procedures, from the 
adjustments of the recordings in the lab to the field procedures in broadcasting sessions.  
We applied the protocol to the black-fronted titi monkeys (Callicebus nigrifrons). 
Titi monkeys (recently divided in three genera; Callicebus, Cheracebus, and Plecturocebus; 
Byrne et al., 2016) are small Neotropical primates (adult body mass 0.8–1.4 kg) that live in 
small family groups, generally containing an adult pair and 1-3 offspring [Bicca-Marques & 
Heymann, 2013]. The coordinated emissions of loud calls performed as duets by the mated 
pair, sometimes followed by the offspring in chorus, are usually associated with joint 
territorial defense [Robinson, 1979; Caselli et al., 2014; 2015]. Since titi monkeys show site 
fidelity and a propensity to respond vocally to playback stimuli, they are a good model to test 
our protocol. 
 
DESCRIPTION OF PLAYBACK SURVEY PROTOCOL 
Preliminary steps and considerations 
Before conducting playback surveys, some precautions with the recordings and 
equipment have to be taken to improve the likelihood of detection of primates, increase the 
area covered by playback sessions, and minimize stress on the playback subjects. In this 
sense, it is important to use recordings in non-compressed formats, with higher signal quality 
and the least possible background noise [Fischer et al., 2013]. Also, recordings can be edited 
according to the average duration of the species’ natural vocalization, but such editions should 
not result in abrupt song onset or offset. To broadcast the stimuli, the loudspeaker used must 
reproduce the frequency spectrum of the studied species, and the power output also needs to 
be high enough to broadcast at the same sound pressure level as natural calls, which have to 
be measured and calibrated using portable sound level meters, whenever possible [Grafe & 
Bitz, 2004; Benedict, 2010].  
Although a loudspeaker can broadcast a stimulus over large distances, the actual 
distance over which the stimulus will elicit consistent behavioral responses might be shorter. 
Such distance may vary according to the type of stimulus, the studied species, and the 
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physical characteristics of the study site [Richards & Wiley, 1980; Naguib, 1995; 1996]. 
Besides, the reaction to a stimulus depends on the natural context in which the vocalization is 
used by the species, and the chosen stimulus may inhibit the receptor, instead of stimulate it, 
or have no effect [Kitchen, 2004]. Pilot playback trials are thus very useful to evaluate the 
effectiveness of the stimuli and equipment settings [Fischer et al., 2013]. They also allow 
defining the actual responsiveness range of playbacks [Pereira et al., 2010]. These trials have 
to be conducted prior to the playback survey in locations other than the study site, but with 
similar habitat characteristics, to prevent habituation of subjects to the stimulus.  
The trial starts by broadcasting the stimuli from the largest distance at which the 
researcher believes the animals might respond, according to the home range of studied 
species. If the group does not respond, the test is repeated at progressively shorter distances 
(preferably at regular intervals) until the occurrence of the expected response to the stimulus. 
The response could be any behavior that is relevant to the study, such as vocalization, 
approach, and/or orientation to the speaker. The playback should be broadcasted in a way that 
covers a circular area (turning the speaker to the four cardinal directions, for example). The 
latency of the primates’ response can be used to define the length of each playback session 
and the interval between sessions. Only one test should be conducted per day to avoid group 
habituation to the stimulus [Fischer et al., 2013]. Moreover, it is desirable to avoid repeating 
the trials on consecutive days and, rather, to give subjects a break of multiple days between 
trials. Also, playback experiment results will be more robust if performed with more than one 
group. In this case, the distance at which all groups consistently respond to the stimulus is 




The first step in the actual survey procedure is to distribute the locations of 
playback sessions in each study area to cover the whole extent of the area. These points are 
allocated along tracks, and spaced at distances twice the length of the radius of the playback 
effective coverage, as determined in pilot playback trials (Figure 1). The tracks do not need to 





Figure 1. Example of the distribution of tracks (a) and playback session locations (b) with a fixed 
radius distance (c) determined in playback trials. The playback session locations are spaced by twice 
the distance of the radius (d). The circles represent the total area covered by the playback. The 
researcher traveled the tracks from one end to the other, as indicated by the arrows, conducting the 
playback sessions consecutively at each location.  
 
During a survey, the tracks have to be traveled from one end to the other, 
conducting the playback sessions consecutively at each location. The stimulus should be 
reproduced following the same procedure adopted in the playback trials. At the edges of the 
forest remnant, the playbacks can be broadcast in fewer directions, excluding the direction of 
the matrix cover (Figure 1). Once a group responds to the stimulus, the distance and the 
direction of the group are estimated. Thus, prior to the survey, the researcher must acquire 
practice in estimating the distances via aural detection. 
The estimated locations of the groups are then plotted into a map. Based on the 
spatial and temporal distribution of these registers and the relative location of responses 
registered simultaneously (which are known to be from different groups), it is possible to 
identify clusters of recordings corresponding to distinct groups [Aldrich et al., 2008]. 
Different recordings grouped in the same cluster are considered to be from the same group. In 
addition, whenever groups are sighted, information regarding groups’ size and composition 
can be useful to avoid double counting the same group [Kierulff & Rylands, 2003]. 
Uncontrollable factors, such as unexpected noises (e.g. rivers, other species sounds, human 
activities, etc.) have to be considered during the estimates of the groups’ location, discarding 
data collected under confounding circumstances whenever necessary.  
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A FIELD TEST OF THE PROCEDURE  
This research adhered to the American Society of Primatologists (ASP) Principles 
for the Ethical Treatment of Non-Human Primates and Brazil’s legal requirements for 





We used two recordings of duets performed by a captive couple of Callicebus 
nigrifrons, housed in a scientific breeding center at the municipality of Araxá, Minas Gerais 
State. The individuals were wild born and capable of performing the species‐typical calls 
when stimulated by playback. The putative origin of the animals is the municipality of Araxá, 
located ca. 280 km from our study population. We recorded the duets from a distance of about 
5 m from the couple using a Marantz PMD-671 digital recorder and a Sennheiser ME-67 
directional microphone (recorder settings: mono mode, WAV format, 48 kHz sampling rate 
and 16-bit resolution). We edited the two recordings to last one minute, a value that is similar 
to the average duration of natural vocalizations of C. nigrifrons [63.2 ± SD 34.6 s, N=25: 
Caselli, 2013]. Then, we used a bandpass filter to remove background noise below 100 Hz 
[frequency range of C. nigrifrons vocalizations: ~200-7000 Hz; Caselli et al., 2014]. Last, we 
applied a fade out effect to smooth the end of the recording. 
We used an Anchor MiniVox loudspeaker (frequency response range: 100-15000 
Hz, output power: 30 W, Maximum SPL: 109 db), which covers the frequency spectrum of C. 
nigrifrons vocalizations and reaches the same levels of the natural emissions of species’ duets. 
We adjusted the speaker volume to a level as close as possible to that of natural emissions, as 
perceived by human hearing, and kept this value constant during the entire study.  
 
Study sites and subjects 
We performed pilot playback trials with three habituated groups of black-fronted 
titi monkeys at three different forest remnants in the state of São Paulo, southeastern Brazil. 
The areas are characterized by a seasonal climate, with a dry and cold season from April to 
September and a wet and warm season from October to March [Pinto, 1992; CEPAGRI, 
2011]. Group 1 was composed of a mated pair and three young individuals (<30 mo of age) 
and lived in a small remnant of about 0.05 ha, located in the municipality of Nazaré Paulista 
(23°11'31"S, 46°21'34"W). Group 2 lived in a remnant of about 2.45 km² at Ribeirão 
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Cachoeira (22°49'48"S, 46°55'26"W), municipality of Campinas, and was composed of a 
mated pair and two young individuals. Group 3 lived in a remnant of about 350 km² at Serra 
do Japi Municipal Ecological Reserve (23°14'3"S, 46°56'9"W), municipality of Jundiaí, and 
was composed of a mated pair and three young individuals. All study sites are characterized 
by secondary semideciduous Atlantic forest. The variation in remnants’ size, species density 




We started the trials playing one of the two recordings (randomly chosen) at 350 
m from the groups. Before starting each trial, we always waited at least 30 minutes after any 
spontaneous long call emissions near the site (from the focal or neighboring groups). We also 
made sure that the observer was able to see all members of the group and register any changes 
in their behavior after playbacks. We reproduced the recording twice, directing the 
loudspeaker to the four cardinal directions (15 s to each direction: N, E, S, W), with 5 min 
interval between each reproduction. We considered the trial as positive when the mated-pair 
counter-called (sometimes forming a chorus with the young individuals of the group) or the 
group approached the location of the playback session until being visible by the researcher 
within a 90 min period after the beginning of the trial. This value corresponds to three times 
the latency of titi monkeys’ natural responses to neighbor groups’ vocalizations [Caselli et al., 
2014]. We registered the latency of the groups to respond to the stimulus (the time from the 
start of the first reproduction of the recording to the detection of any behavioral response) to 
determine the length of playback sessions we would subsequently use in surveys for density 
estimates. When a neighbor group responded to the playback stimulus before the focal group, 
we discarded the test because we were not able to guarantee that any subsequent calls from 
the focal group were in fact a response to the playback stimulus.  
We repeated the trial with the same group using the second recording on a 
different day to avoid stressing the animals or habituating them to playbacks. If any of the 
groups did not respond to at least one of the two recordings at the distance tested, we 
progressively decreased the playback distance by 50 m. Once a group responded to a 
recording broadcast from a particular distance, we did not test that recording with the same 
group again, assuming that playbacks broadcast from shorter distances would also elicit 
group’s response. The distance at which all groups consistently responded to both recordings 
35 
 
was used as the radius of the area covered by the playback session in the playbacks surveys 
for density estimates.  
All pilot playback trials were performed in the morning (from one hour after the 
sunrise and for no more than five hours), the period in which titi monkeys are normally more 
vocally active [Caselli & Setz, 2007; Bicca-Marques & Heymann, 2013]. After a sequence of 
three consecutive tests (i.e. three days) with one group, we waited at least 20 days to perform 
further tests with that same group. We performed the trials both in the wet and dry seasons 
(except for Group 3, which was not found in the dry season), since atmospheric conditions 
may interfere with sound propagation [Piercy et al., 1977; Richards & Wiley, 1980; Bradbury 
& Vehrencamp, 1998].  
 
Density estimate surveys 
Study area  
We estimated the density of Callicebus nigrifrons in 12 forest remnants ranging 
from 0.1 to 3.41 km² in the northeast of São Paulo state, Brazil. The topography of the terrain 
is relatively uniform and flat over most of the extension of the study area [Shida, 2005], 
therefore, the influence of terrain on sound propagation is probably low. Six remnants 
comprise semideciduous secondary Atlantic forest and six comprise cerradão [woodland 
savanna; Oliveira & Marquis, 2002]. Since Atlantic forest vegetation (the vegetation type in 
which we conducted the playback trials) offers more barriers to sound propagation than 
cerradão, we had a more conservative value of playback effective coverage, and the distance 




We designed the tracks using a georeferenced satellite image and distributed the 
playback session locations according to the distance established in the playback trials (Fig. 2). 
As shown in Figure 2, we purposely overlaid playback circumferences to cover the spaces left 





Figure 2. Distribution of the playback sessions locations (black points) in the studied forest remnants. 
The circles represent the total area covered by the playback with a 200 m radius. The gray lines are the 
tracks walked to reach all playback session locations. 
 
We alternated the two recordings on consecutive playback sessions to minimize 
the influence of habituation to the stimuli. The surveys lasted no more than five hours, thus, 
we were able to conduct up to 10 playback sessions on each day (average time between 
sessions = 32 ± SD 5.6 min, N= 291). We spent one to three consecutive days to cover each 
remnant, depending on its size. To check if the responsiveness to playbacks differed 
throughout the morning during the density estimate surveys, we divided the morning in three 
equal periods (each one comprising 1 hour and 40 minutes) and performed a hierarchical 
ANOVA, nesting the time period in each density estimate survey sample.  
We estimated the distance of all vocal responses to the playback stimuli and 
registered their direction in relation to the location of playback session location with a 
compass. We had trained to estimate sound source distance during the pilot playback trials 
and during a previous survey of primates in the fragments, when we could walk in the 
direction of natural emissions and confirm their distance. The observers also had significant 
experience with C. nigrifrons behavior and vocalizations from previous long-term studies 
[Gestich, 2012; Nagy-Reis, 2012; Caselli, 2013; Gestich et al., 2014; Caselli et al., 2015]. We 
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also registered the position of all groups visualized at or near the playback session locations 
during the sessions with a GPS receiver. Whenever possible, we counted the number of 
individuals to estimate the mean group size of the study area.  
We plotted all location records in a georeferenced satellite image and identified 
clusters of registers according to the spatial and temporal distance between the responses and 
the capacity of the species to travel within the short time among consecutive detected 
responses. The average home range size reported in the literature for C. nigrifrons is about 20 
ha (standardizing the values to a mean group size of 4 individuals), and groups travel about 1 
km per day [Neri, 1997; Santos, 2008; Caselli & Setz, 2011; Gestich, 2012; Nagy-Reis, 2012; 
Caselli, 2013; Bicca-Marques & Heymann, 2013]. Besides, home range boundaries change 
relatively little over time [Nagy-Reis, 2012; Bicca-Marques & Heymann, 2013]. We 
considered all this information to avoid counting a group more than once - that is, we 
considered the registers as belonging to the same group unless we had clear evidence that they 
were from distinct groups. We considered each cluster as a group, and we divided the 
estimated number of groups by the remnant size to compute the density of groups in that 
remnant. By adopting these precautions, we generated conservative values for the total 
number of groups (i.e. the minimal number of groups living in each studied area) and, 
therefore, conservative density estimates.  
In order to evaluate the consistency of the playback survey method, we surveyed 
each forest remnant twice within an interval of at least 60 days between surveys (both in the 
same rainy season, excluding possible influences of seasonality on vocalization emissions). In 
the second survey, we started the density estimate survey from the opposite direction of the 
tracks, performing the playback session in each location at a different time and order than the 
previous survey. We performed a paired t-test to evaluate if there were significant differences 




The three groups responded consistently to the playback stimuli when it was 
broadcasted at a distance of 200 m (Table 1). We, thus, adopted this distance as the radius of 
effective coverage of the playbacks. The median response latency was 4.5 minutes (range: 0-
80; N=9), and this value was greater at larger distances (Table 1). At distances within 250 m, 
all responses occurred within 5 minutes after the start of the playback session (Table 1). When 
responses occurred, the groups changed their behavior, adopting alert body posture and 
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looking towards the direction where the stimulus was being emitted, and counter called. In the 
case of group 3, which had a greater latency to response (Table 1), its behavior strongly 
indicated that it was reacting to the playback stimulus, because before counter-calling the 
group changed its movement direction, moved about 300 m and approached the playback site 
(<30m). 
Based on these results, we established that the playback sessions in the density 
estimate surveys should last ~12 minutes: two minutes to reproduce the playback recording 
twice, and five minutes after each playback emission.  
 
Table 1. Results of playback trials (from T1, the first, to T14, the last one) conducted in the rainy and 
dry season with three groups (G1, G2, G3) to playbacks of two recordings (R1, R2) played from 
different distances of the groups. Group’s behavior were categorized as: counter-calling (cc), 
approximation to the stimlus emission location (ap), and no response (NR). The latency time to 














- -  
T12: cc 
- 
(L = 5) 
 
(L = 5) 
R2 - T6: NR T8: NR 
T9: cc 
 T13: NR 
T14: cc 
(L = 0) 
 




- - -  
T10: cc 
- 
(L = 11) 
 
(L = 4) 





(L = 1) 
 
(L = 2) 
G3* 
R1 
T1: cc + ap 
- - -    
(L = 80) 
   
R2 T3: NR 
T4: cc + ap 
- -    
(L = 63) 
   
*We did not run tests with Group 3 in the dry season. 
 
Note that after a trial with no response of a group we conducted the next trial from a smaller distance, 
but did not conduct tests with the same group and recording after a positive response. See the text for 
full details. 
 
Density estimate surveys 
We recorded 191 responses to the stimuli during the first survey (mean vocal 
response per surveyed area: 10.6/km² ± SD 4.3/km², range: 4.8-18.6, N=12) and 211 in the 
second (mean vocal response per surveyed area: 11.3/km² ± SD 7.8/km², range: 3.6-28, 
N=12). The number of detected vocal responses were similar among survey hours (nested 
ANOVA: F5,333=1.70, P= 0.13). We counted similar number of distinct groups between the 
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first and the second survey (paired t-test: t= -0.30, df = 11, P=0.77), ranging from 1 to 38 
distinct groups per fragment (Table 2; Fig. 1 from Supplementary material). We visualized 51 
groups, but we were able to count the individuals of only 21 of these events (number of 
individuals range= 2-5; median = 3).  
 
Table 2. Total number and density of groups registered in each playback survey, and 









survey |Difference in 
number of groups 






3.41 30 24 (7.0) 26 (7.6) 2 
3.36 29 8 (2.4) 6 (1.8) 2 
3.17 27 33 (10.4) 38 (12.0) 5 
2.22 20 15 (6.8) 15 (6.8) 0 
1.34 14 5 (3.7) 5 (3.7) 0 
0.93 10 6 (6.5) 7 (7.5) 1 
0.88 9 3 (3.4) 2 (2.3) 1 
0.86 10 8 (9.3) 8 (9.3) 0 
0.51 7 3 (5.8) 1 (2.0) 2 
0.28 4 2 (7.1) 1 (3.6) 1 
0.25 4 3 (12.0) 3 (12.0) 0 
0.1 2 1 (10.0) 1 (10.0) 0 
 
COMPARISON AND CRITIQUE  
The methodology presented here produced consistent estimates of the number of 
groups of Callicebus nigrifrons in each surveyed areas between the two surveys, suggesting 
that the proposed protocol can generate reliable and comparable group density data. 
Moreover, in spite of the standardization steps and the necessary precautions with the 
equipment and data collection design, the application of the proposed protocol has proved to 
be simple and useful for surveying primates who are vocally responsive.  
Primates are a group with many vocally active species, and several studies have 
used vocalizations to obtain population data [Estrada et al., 2004; Cheyne et al., 2008; Gray et 
al., 2010; Hamard et al., 2010; Dacier et al. 2011; van Kuijk et al., 2016]. The playback 
technique has the potential to be widely used in primates surveys because many species are 
responsive to playback stimuli (e.g., Alouatta sp. [Estrada, 1982], Aotus sp. [Shanee et al., 
2015], Ateles sp. [Peck et al., 2011], Cacajao sp. [Bezerra et al., 2010], Cercopithecus sp. 
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[Cheney & Seyfarth, 1982], Hylobates sp. [Raemaekers & Raemaekers, 1985], 
Leontopithecus sp. [Kierulff & Rylands, 2003], Plecturocebus sp. [formerly Callicebus; 
Dacier et al., 2011], Macaca sp. [Hauser, 1998], Saguinus sp. [Savage et al., 2010], Sapajus 
sp. [Pereira et al., 2010]). The playback stimulus enhances primate detectability even at times 
of the day in which primates normally do not vocalize, which can be an advantage comparing 
to methods that depend on natural vocalizations to detect the individuals [e.g. Aldrich et al., 
2008; van Kuijk et al., 2016]. However, since some species seem to be particularly prone to 
call during specific hours of the day [da Cunha & Byrne, 2006; Aldrich et al., 2008], 
performing density estimates surveys during those periods of the day would improve the 
quality of surveys. Additionally, it is essential to have prior information about the vocal 
behavior of the target species, especially about call types that are more likely to stimulate 
counter calls in natural contexts [Seyfarth & Cheney, 2010]. Pilot playback trials conducted 
prior to playback surveys provide important information about species-typical behavior, 
helping to produce reliable stimuli, plan an effective survey protocol, and list precautions to 
be considered and reported in surveying studies [see Fischer et al., 2013].  
The playback survey approach is particularly useful when target species show site 
fidelity (even when they are not territorial), because it is possible to record the distribution of 
groups and determine the number of animals with more accuracy provided they do not change 
their home range in small periods of time [Janmaat et al., 2009]. Nonetheless, this method can 
also be suitable for species that do not show site fidelity, as long as they inhabit small areas 
where full coverage surveying could be performed quickly. Hence, the reliability of the 
estimate depends on the studied species and the study area features, and the method should be 
adapted accordingly. 
Playback surveys are most applicable in small forest remnants that can be fully 
surveyed in a few days; therefore, it is a useful method when dealing with fragmented 
landscapes. For instance, around 80% of Atlantic Forest remnants are represented by 
fragments smaller than 50 ha [Ribeiro et al., 2009]. Nonetheless, it is also possible to adapt 
this method to a partial survey in large remnants or continuous forest tracts. In these cases, a 
portion of the area under study could be surveyed to yield a density estimate from which the 
population size in the entire remnant can be extrapolated. In order to make these data more 
reliable, it is essential to know the species’ behavior and the area to be surveyed, besides 
having sampling units covering all kinds of vegetation and microhabitats [Burnham et al., 
1980; NRC, 1981]. The playback survey approach is also feasible in steep terrains, since it is 
not necessary to follow straight transects, and the tracks can be adapted to the features of the 
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study area. However, the topography may influence the stimulus propagation [Richards & 
Wiley, 1980], therefore, in hilly environments, it is suggested that areas beyond mountains 
and ridges bordering the area surveyed be excluded from the density estimate [see for 
example Phoonjampa et al., 2011].  
The protocol for playback surveys presented here provides a conservative 
population density estimate – the minimum population size –; since we excluded all uncertain 
registers in order to minimize double counting groups. Like any other methodology, 
assumptions have to be made, and here we assumed that all groups were detected. Since the 
exact population value probably has never been achieved by any known method, we believe 
this assumption is acceptable given the responsiveness of the study species and the 
consistency between the two surveys. Thus, the density value obtained should be close to the 
real one. We highlight the fact that the results are directly comparable among different 
surveys and the protocol can be adapted to different study sites, according to their particular 
features. The protocol should be applicable to a wide number of primate species, and it would 
be particularly interesting for surveying critically endangered species with reduced 
populations wherein reliable count of remaining groups in the wild is desirable. In sum, we 
suggest that the playback survey methods we describe here is feasible and easily 
implemented, generates reliable data, and should be further explored with other vocally active 
primate species as an alternative method for estimating population sizes and densities.  
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Supplementary Material. Fig. 1. Estimated groups’ location in the studied forest 
patches. Black stars represent the groups recorded in the first survey, and gray stars 
in the second. 
49 
 
CAPÍTULO 2:  
EFEITO EM MULTIESCALA DA ESTRUTURA DA PAISAGEM NA RIQUEZA DE 
PRIMATAS E DENSIDADE DE Callicebus nigrifrons  
 
RESUMO 
As populações de primatas estão cada vez mais restritas a paisagens modificadas pelo homem, 
onde diferentes atributos espaciais podem afetar a persistência das espécies. Entretanto, 
consideráveis incertezas permanecem sobre a escala espacial (tamanho da paisagem) que deve 
ser considerada para inferir os efeitos de tais atributos sobre os primatas. Nosso objetivo foi 
avaliar o tamanho da paisagem que melhor prediz a riqueza de espécies de primatas e a 
densidade de Callicebus nigrifrons quanto às mudanças em quatro atributos da paisagem 
(densidade de fragmentos florestais, densidade de borda florestal, cobertura florestal e 
cobertura antropogênica) em uma região fragmentada do nordeste do estado de São Paulo, 
Brasil. Por meio de modelos lineares generalizados, nós avaliamos a robustez das relações 
entre cada variável resposta e cada atributo da paisagem em dez diferentes tamanhos de 
paisagem (20 a 2827 ha). No geral, a robustez de todas as associações diferiu entre as escalas, 
e as relações mais fortes ocorreram em escalas de paisagens relativamente pequenas (100-430 
ha) e grandes (>2,300 ha), indicando que os primatas são afetados por processos operando em 
diferentes escalas espaciais. Portanto, nós sugerimos que as relações entre os primatas e a 
paisagem devem ser avaliadas considerando ambas as paisagens relativamente pequena e 
grande. A densidade de C. nigrifrons foi consistente e positivamente relacionada com a 
cobertura florestal, e esta associação foi mais forte na maior escala estudada (2827 ha). A 
densidade de borda florestal também mostrou efeito negativo consistente entre as escalas, 
mais evidente nas duas maiores escalas. O aumento na densidade de C. nigrifrons em 
fragmentos inseridos em paisagens sob intensa perda de hábitat pode ser explicada, em curto 
prazo, pela concentração de primatas nos fragmentos florestais remanescentes devido à 
redução na disponibilidade de hábitat na paisagem e isolamento dos fragmentos florestais. A 
alta densidade de borda pode representar reduzida disponibilidade recursos florestais nos 
fragmentos, pois o intenso efeito de borda altera a estrutura e diversidade da vegetação. 
Portanto, reforçamos a que a estrutura da paisagem influencia as respostas biológicas dos 
primatas, e estudos multiescalares são necessários para avaliar acuradamente o impacto da 
estrutura da paisagem sobre os primatas. 
 
Palavras-chave: escala de efeito, comunidade, densidade populacional. 
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Primate populations are being increasingly restrained to human-modified landscapes, where 
different spatial attributes can affect their persistence. However, considerable uncertainty 
remains about the spatial scale (i.e., landscape size) that must be considered to make accurate 
landscape-scale inferences of the effects of such attributes on primates. We evaluated the 
landscape size that best predicts the primates species richness and density of Callicebus 
nigrifrons to changes in four landscape attributes (density of forest patches, forest edge 
density, forest cover, and anthropogenic cover) in a fragmented region in the northeast of São 
Paulo State, Brazil. We assessed the strength of the relationship between each response 
variable and each landscape attribute in 10 different-sized landscapes (20 to 2,827 ha) using 
generalized linear models. Overall, the strength of associations differed among scales, and the 
strongest relationships occurred in relatively small (100-430 ha) and relatively large (>2,300 
ha) landscape sizes, indicating that primates are affected by processes operating at different 
spatial scales. Therefore, we suggest that primate-landscape relationships should be evaluated 
considering both relatively small and relatively large landscape sizes. The density of C. 
nigrifrons was positively related to forest cover among scales, but was strongest at the largest 
scale. Forest edge density also showed a consistent negative effect on species richness across 
scales, especially at the two largest scales. The increased C. nigrifrons density in patches 
within landscapes under intense habitat loss can be explained, in the short term, by the 
concentration of primates in the remaining forest patches due to the reduced habitat 
availability and isolation of forest patches. Also the high edge density may represent reduced 
forest resource availability in the forest patches to support a higher number of species with 
low resources overlap, since intense edge effects alter vegetation structure and diversity. 
Therefore, we reinforce that landscape structure influences primates’ biological responses, 
and a multi-scale approach is necessary to accurately evaluate its effect on primates.  
 




Most terrestrial ecosystems have been disturbed by human activities, such as 
cattle farming and agriculture, resulting in human-modified landscapes (HML) with varied 
spatial structure [Ellis, 2013; Riitters et al., 2016]. Because the maintenance of biodiversity 
can be limited in these emerging landscapes [Fahrig, 2003; Gibson et al., 2011; Haddad et al., 
2015], identifying the main landscape predictors of species responses has been a key research 
topic in ecology and conservation biology during the last few decades [Fahrig et al., 2011; 
Tscharntke et al., 2012]. However, considerable uncertainty still remains about the generality 
of the results because most studies in HMLs have been carried out at the patch scale, rather 
than at the landscape scale [McGarigal & Cushman, 2002; Fahrig, 2003]. Additionally, 
studies with a landscape perspective can be missing important species-landscape relationships 
because the strength of such relationships depends on the spatial scale at which landscape 
variables are measured, and it is rarely assessed [Holland et al., 2004; Smith et al., 2011; 
Arroyo-Rodríguez & Fahrig, 2014]. 
Species responses to landscape changes may be influenced by processes occurring 
at several spatial and temporal scales [Fischer & Lindenmayer, 2007]. Thus, the effect of 
landscape structure, i.e. landscape composition plus configuration of land cover types 
[Dunning et al., 1992; Andrén, 1994; Fahrig, 2003], on biological response is mainly evident 
when considering the spatial extent (landscape size) at which such processes operate 
(so‐called “scale of effect”) [Wiens, 1989; Jackson & Fahrig, 2012; Fahrig, 2013; Crouzeilles 
& Curran, 2015]. Such scale of effect also may depend, at least partially, on species’ life 
history traits, such as dispersal ability and home range size that determine the way species use 
the landscape [Jackson & Fahrig, 2015; Miguet et al., 2015]. In addition, the scale of effect of 
a landscape attribute may be distinct according to the biological response evaluated [Miguet et 
al., 2015]. For instance, to a same species the scale of effect is predicted to be smaller if the 
response variable is abundance than it is presence/absence data [Jackson & Fahrig, 2014]. In 
this sense, if the biological response mainly depend on local-scale processes (e.g., variation in 
resource availability, edge effects, selective logging), landscape structure will show stronger 
effects on species at small landscape sizes [Fahrig, 2013]. Yet, if the biological response is 
mainly associated with processes operating over larger scales (e.g., metapopulation dynamics, 
source-sink dynamics) the scale of landscape effects will be relatively large [Fahrig, 2013; 
Miguet et al., 2015]. Thus, identifying the scale of landscape effects on species not only 
improves landscape-scale inferences, but it is also useful to uncover some potential species 
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traits and ecological processes that can shape species maintenance in HMLs [Jackson & 
Fahrig, 2012, 2015].  
Forest specialist species, such as Neotropical primates, are particularly vulnerable 
to changes in landscape patterns [Chapman & Peres, 2001; Marsh et al., 2013]. Primates in 
HMLs can be threatened by processes operating at different spatial scales, including the loss 
of large trees [Arroyo-Rodríguez et al., 2007], hunting [Thoisy et al., 2009], habitat loss 
[Benchimol & Venticinque, 2014], landscape supplementation dynamics [Pozo-Montuy et al., 
2013], and meta-population dynamics [Mandujano et al., 2005]. However, the available 
studies that investigate the effect of landscape structure on primates generaly consider only 
one scale [Anzures-Dadda & Manson, 2007; Benchimol & Peres, 2015; Benchimol & 
Venticinque, 2014; Silva et al., 2015]. To our knowledge, only three studies have evaluated 
the effects of landscape structure on primates across different spatial scales to determine (to 
some extent) the scale of landscape effects on primates. First, Thornton et al. [2011] examined 
the effect of landscape forest cover and forest fragmentation measured within six buffers from 
the border of each patch (500 to 3,000-m radii around patches sizing from 2.9 to 445 ha) on 
occurrence of Geoffroy’s spider monkeys (Ateles geoffroyi) and black howler monkeys 
(Alouatta pigra). The authors demonstrated that both forest cover and density of forest 
patches affect the occurrence only of spider monkeys, especially when measured at smaller 
scales [Thornton et al., 2011]. Second, Arroyo‐Rodríguez et al. [2013a] studied the effect of 
several landscape metrics measured at two spatial scales (100 and 500 ha) on the population 
structure of A. pigra, and found that howler monkeys population density were affected by 
inter-patch distance at the smallest scale and by number of fragments at the higher. Finally, 
Ordóñez-Gómez et al. [2015] evaluated the strength of the effect of four landscape metrics 
(forest cover, isolation distance, number of patches, forest edge density) on the diet and 
activity pattern of A. geoffroyi within 10 different‐sized landscapes (50 to 665 ha). They 
found that the strength of most associations varied across spatial scales, but the strongest 
relationships were found at 126-ha landscape size, and forest cover was the best predictor of 
howler monkeys’ behavior [Ordóñez-Gómez et al., 2015]. 
Here, we evaluated the landscape size that best predicts primate species richness 
and population density of Callicebus nigrifrons to changes in four landscape attributes (i.e., 
density of forest patches, forest edge density, forest cover, and anthropogenic cover) in a 
fragmented region in the northeast of São Paulo State, Brazil. Evaluating these landscape 
attributes we intend to characterize primate species richness and abundance responses to 
habitat loss, fragmentation, human influence, and edge effect [Fahrig 2003; Ewers & Didham, 
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2006], resulting from the intense landscape modification in the region [Shida, 2005; Joly et 
al., 2008; Ribeiro et al., 2009]. Four primate species (Callithrix penicillata, Callicebus 
nigrifrons, Sapajus nigritus, and Alouatta caraya) inhabit the northeastern region of São 
Paulo State [Dornelles, 2001; C.G., personal observation]. Only two studies to date have 
evaluated the effect of landscape attributes on C. nigrifrons and S. nigritus [Silva et al., 2015] 
and C. nigrifrons and C. penicillata [Sales et al., 2016], but at one single spatial scale.  
We assessed the strength of the relationship between each response variable and 
each landscape attribute in 10 differently sized landscapes (20 to 2,827 ha). We hypothetized 
that the scale of effect of landscape structure on titi monkeys (C. nigrifrons) density is smaller 
than on primate species richness, such as proposed by Jackson and Fahrig [2014]. Therefore, 
because species richness is probably influenced by processes operating at the regional scale, 
such as dispersal patterns and extinction [MacArthur & Wilson, 1967; Ricklefs, 1987], we 
expected that primate species richness would be more strongly associated with landscape 
patterns measured at larger spatial scales. In contrast, we expected that the density of C. 
nigrifrons would be associated with landscape attributes at smaller scales, since population 
response is influenced more strongly by local-scale patterns and processes, such as resource 
availability, resource competition, predation, and landscape supplementation dynamics [e.g., 
Dunning et al., 1992; Arroyo-Rodríguez et al., 2007, 2013b; Pozo-Montuy et al., 2013], 




Animal ethics statement 
This research adhered to the American Society of Primatologists (ASP) Principles 
for the Ethical Treatment of Non-Human Primates and Brazil’s legal requirements for 
conducting research with wild animals. 
 
Study area and selected forest patches 
We studied 16 forest patches in the northeast of São Paulo State, Brazil (Fig. 1). 
The remnants are characterized by patches of semideciduous Atlantic Forest and cerradão 
(i.e., woodland savanna) [Oliveira & Marquis, 2002] within private properties and protected 
areas (Vassununga State Park and Jataí Ecological Station). Part of the region is within the 
Atlantic Forest biome, which is considered a hotspot of deforestation; i.e., >88% of forest 
cover has disappeared, and >80% of the remaining forest is distributed in very small (<50 ha) 
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forest patches [Ribeiro et al., 2009]. Although occupation and land use of the region have 
being altered the landscape since the beggining of XIX century, the more intense reduction of 
forest cover is relatively recent, with the government incentive to monocultures, such as sugar 
cane, in 70
th
 decade [Shida, 2005; Joly et al., 2008; Martinelli & Filoso, 2008]. 
The region is characterized by a seasonal climate, with a milder and dry season 
from April to September, and a warm and wet season for the rest of the year [Martins, 1991]. 
The size of the studied focal forest patches ranged from 25 to 356 ha, with seven patches 
comprised by semideciduous Atlantic forest and nine by cerradão. We confirmed that 
landscape attributes were not related to vegetation type at any scale evaluated (unpaired t-test 
range: t= 0.05 to 0.98; P= 0.25 to 0.92; see detailed results in supplementary material), thus 
the associations found in this study were not influenced by this patch scale feature. We chose 
patches from similar size of both vegetation types (unpaired t-test: t = -0.47, df = 13, P = 
0.65) and at least 2 km apart from each other. The mean Euclidian distance between each 
focal forest patch and the nearest studied patch was 8.4 ± SD 5.5 km (range: 2.8-25.0 km).  
 
 
Figure 1. Location of the study area and the selected forest patches in the northeast of São Paulo State, 
Brazil. Highlighted patches represent the focal patches where primate richness and C. nigrifrons 
density were measured. From the geographic center of each focal patch, we estimated the landscape 
structure in 10 differently sized landscapes (see example in the bottom left side of the panel). The 




Primate data collection 
We adopted a patch-landscape approach; i.e., we collected response variables 
from each focal patch, and measured the explanatory variables within a given radius from the 
geographic center of each focal patch [Arroyo‐Rodríguez & Fahrig, 2014]. To determine the 
presence of primates (i.e., Callithrix penicillata, Callicebus nigrifrons, Sapajus nigritus, and 
Alouatta caraya), we walked inside each focal patch (from September 2013 to June 2014) 
along human footpaths and game trails, and through sections without any obvious trails, 
looking for traces (feces or gummivory marks), actively searching them to attempt a visual 
contact, and being attentive to their vocalizations. We traveled a total of 202,470 m (average 
speed: 868.9 m/h ± SD 306 m/h) and played 211 playback sessions during about 340 hours of 
fieldwork distributed in 97 days. 
We also performed playback sessions to improve species detection. We chose 
long-call vocalizations from each species, some of them from “Sounds of Neotropical 
Rainforest Mammals” [Emmons et al., 1997]: Callithrix flaviceps, Alouatta caraya, Sapajus 
sp. Although not from the same species of the study area, the Callithrix flaviceps’ recording 
were recommended by researchers and showed the expected results. We also used an 
additional recording of A. caraya recorded by RGT da Cunha, and of C. aurita recorded by 
CC Gestich, both from wild animals far from the study area. The recordings of C. nigrifrons 
were provided by CB Caselli [Caselli et al., 2014, 2015]. We edited the recordings to last one 
minute and remove background noise. We tested them with wild and captive individuals of 
each species to assure they are stimulated by the recordings stimuli. 
During the survey, we broadcasted the 1-min recording from each species, after 
each 1 km walked, directing the loudspeaker to the four cardinal directions (15 s to each 
direction: N, E, S, W). We surveyed the patches during the morning (5 h/day: from one hour 
after the sunrise to no more than five hours after), as primates are usually more active at this 
time of the day. To balance sampling efforts among forest patches, we covered 10% of the 
patch’s area during each survey, considering 25 m on each side of the trails to be the visual 
detection range. Therefore, each survey lasted one to three days, depending on the size of the 
patch, with each day covering a different portion of the patch. We surveyed each patch four 
times, because in the 4
th 
survey we had not any new detection of species in any of the patches.  
After that, we surveyed all patches where Callicebus nigrifrons was present 
(except two patches where we could not continue the study) to assess a populational data from 
one of the studied primate species (from September 2014 to February 2015). We performed 
systematic playback surveys to count the number of groups inside each patch and estimate the 
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density of groups [details in Gestich et al., 2016; Chapter 1]. To elicit subjects’ vocal 
response, we used 1-min recordings of duets of C. nigrifrons. Before the surveys, we defined 
the radius covered by the playback sessions as 200 m in playback trials with three habituated 
wild groups far from the study area. Then, in each forest patch we designed parallel tracks 
using a georeferenced satellite image and placed the playback session locations at every 400 
m along these tracks (two times the radius covered by the playback), in order to cover all 
forest patch extent. We walked the tracks from one end to the other, conducting the playback 
sessions consecutively at each location, in a way to cover all patches’ extension and register 
all groups of C. nigrifrons in each fragment. At each playback session, we reproduced one 
recording twice, directing the loudspeaker to the four cardinal directions (15 s to each 
direction: N, E, S, W), with 5 min interval between each reproduction. We estimated the 
distance of all vocal responses to the playback stimuli and registered their direction in relation 
to the location of playback session location. The surveys were performed in the morning 
(from one hour after the sunrise to no more than five hours after), the period in which titi 
monkeys are normally more vocally active [Caselli & Setz, 2007; Bicca-Marques & 
Heymann, 2013]. To broadcast the stimuli we used an Anchor MiniVox loudspeaker 
(frequency response range: 100-15000 Hz, output power: 30 W, Maximum SPL: 109 db), 
which covers the frequency spectrum of C. nigrifrons vocalizations and reach the same levels 
of the natural emissions of species’ duets. Since we performed two systematic playback 
surveys in each forest patch in this previous research [Gestich et al., 2016; Chapter 1], the 
statistical analyses described below are based on the mean titi monkeys density between the 
two surveys. We also included in the analysis the three patches where C. nigrifrons were 
absent (density = 0), totalizing 14 patches sampled to density population evaluation. 
 
Landscape metrics and landscape sizes  
We measured four landscape variables within 10 different-sized radii (buffers) 
around the geographic center of each focal patch (Fig. 1). The smallest radius (252 m) 
corresponds to a landscape size of 20 ha, which is an average home range size that fits those 
reported for Callithrix sp., Callicebus sp., Alouatta sp. [Corrêa & Coutinho, 2008; Bicca-
Marques & Heymann, 2013; Gregorin et al., 2008]. The home range reported to Sapajus sp. is 
bigger than that [Freese & Oppenheimer, 1981; Fragaszy et al., 2004]. To avoid pseudo-
replication problems in our analyses [Eigenbrod et al., 2011], the largest radius (3,000 m; or 
2,827-ha landscape) was the maximum size until a minimum overlap between the different 
landscapes (Fig. 1). We performed a Mantel test between the geographical distance matrix 
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and the matrix of landscape attributes measured at the largest landscape to assure the 
independence of landscape samples (r=0.058; P=0.30; 10,000 permutations).  
We placed eight additional buffers between the largest and the smallest buffers, 
with equal increment of 305 m in radii distance, as follows: 557 m (98 ha landscape), 863 m 
(234 ha), 1,168 m (429 ha), 1,473 m (682 ha), 1,779 m (994 ha), 2,084 m (1,364 ha), 2,389 m 
(1,793 ha), and 2,695 m (2,282 ha). We then produced land cover maps of each landscape 
surrounding the focal patches using satellite imagery from Google Earth© (June, 2014) with 5 
m resolution. We mapped two types of land cover: forest cover and anthropogenic cover (Fig. 
2). In all cases ‘forest’ refers to primary or secondary remnants of Atlantic forest or cerradão. 
The anthropogenic cover refers to the proportion of urban areas, human buildings and roads. 
We generated these maps by manual vectorization at a 1:10,000 scale using the Quantum GIS 
2.0.1 software [QGIS Development Team, 2013], followed by visual classification.  
 
Figure 2. Spatial classification of the studied sites at the largest landscape (2,827 ha), according to 
forest and anthropogenic cover. The letters correspond to those shown in Figure 1. The buffers (in 
gray) around the geographic center of each focal patch, represents the 10 differently sized landscapes 




We estimated four landscape metrics within each landscape size: (i) density of 
forest patches; (ii) forest edge density; (iii) proportion of forest cover; and (iv) proportion of 
anthropogenic cover (Table 1). We calculated all landscape metrics in Quantum GIS 2.0.1 
software [QGIS Development Team, 2013] and ArcGis 10.2.2 (free trial [ESRI, 2014]) 
software with the V-late plugin [2013].  
 
Table1. Landscape variables calculated to each study site. 
Variable Numeric meaning Bio/Ecological interpretation 
Density of forest 
patches (N/ha) 
Number of forest patches within the 
landscape divided by landscape area 
Fragmentation per se 
Forest edge density 
(m/ha) 
Total perimeter length of all forest patches 
within the landscape divided by landscape 
area  
Edge effect 
Forest cover Proportion of the landscape covered by forest Habitat loss 
Anthropogenic cover  
Proportion of the landscape covered by urban 




We followed the protocol suggested by Jackson & Fahrig [2015] to estimate the 
scale of effects of landscape structure on each response variable. In this protocol, the 
relationship between the biological response and landscape structure is assessed for each 
spatial extent, and the estimator of the goodness of fit of each model is evaluated to find the 
strongest value [Jackson & Fahrig, 2015]. In this study, we used generalized linear models to 
test the effect of each landscape attribute on each response variable (species richness and C. 
nigrifrons density) for each landscape size. As recommended for count response variables, we 
used a Poisson error for species richness, whereas we tested C. nigrifrons density (a 
continuous response variable) with a Gaussian error [Crawley, 2007]. We then calculated the 
percentage of deviance explained by each model – the estimator of the goodness of fit of each 
model – as the deviance explained by the model x 100 / deviance explained by the null model. 
To compare the explained deviance values of the associations, following Fahrig [2013] and 
Jackson & Fahrig [2015], we plotted the explained deviance of each model (dependent 
variable) against landscape size to visually identify the spatial extent of the greatest 
association between each response variable and each predictor. We also plotted the variation 
of the four landscape attributes throughout the landscape sizes to evaluate if there were 
differences in data distribution that could leverage differently the associations of landscape 
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structure with response variables (Fig. 3). We performed all analyses in R software version 
3.3.0 [R Development Core Team, 2016]. 
 
RESULTS 
Considering all landscape sizes, the density of forest patches averaged 0.012 
patches/ha (range: 0.001-0.05 patches/ha) and forest edge density averaged 20.1 m/ha (range: 
0-50.4 m/ha). These values remained relatively constant across spatial scales, except for the 
smallest scale (20 ha), within which the landscape was almost completely covered by the 
focal patch (Fig. 3a and 3b). The forest cover was higher in the smallest landscape size and 
gradually deacreased in the first four scales due to the influence of focal patch area in these 
scales, and then after remained relatively constant (averaged 0.39; range: 0.08–1.0; Fig. 3c). 
Anthropogenic had low coverage through the landscape sizes and averaged 0.03 (range: 0–
0.38; Fig. 3d).  
The density of titi monkeys (C. nigrifrons) was strong related to forest cover at 
the largest scale one (Fig. 4c) and to anthropogenic cover at 98-ha and 1364-ha landscapes 
than in the rest of landscape sizes (Fig. 4d). Titi monkeys density showed consistent negative 
associations with forest cover and consistent positive with anthropogenic cover (Fig 4c and 
4d). The effect of density of forest patches (Fig. 4a) and forest edge density (Fig. 4b) on titi 
monkeys density were also scale-dependent, being stronger at the largest scale and in 429-ha 
landscapes respectively, but the direction of the effect (positive or negative) was not 
consistent across scales. 
Density of forest patches had stronger association with primate species richness at 
98-ha landscapes (Fig. 4e), forest edge density at larger scales (>2,282-ha landscapes; Fig. 
4f), and forest cover showed a notable increasingly negative effect at larger landscapes (Fig. 
4g). Anthropogenic cover had no considerable effect on primates species richness at any scale 
(Fig. 4h). Forest edge density (Fig. 4f) and anthropogenic cover (Fig. 4h) showed consistently 
negative effects on primate species richness across scales; but the other two variables did not 





Figure 3. Description of the four spatial attributes for each of the 10 landscape sizes considered in this 
study. The horizontal line shows the median for the 16 forest patches studied in the northeast of São 
Paulo State, Brazil. The dots beyond the vertical bars represent the outliers. The bottom and top of 




percentiles (or the first and third quartiles), respectively, and vertical 




Figure 4. Association between landscape size (x‐axis) and the strength of the relationship (explained 
deviance, y-axis) between each landscape attributes and C. nigrifrons density (a-d) and primate species 
richness (e-h). Positive relationships are indicated with circles, whereas negative relationships are 




Our multi-scale assessment indicates that primate responses to landscape structure 
in HMLs are scale dependent. Some interesting patterns and trends merit special attention. 
First, the strength of primate-landscape relationships differed among scales, being stronger in 
relatively small (100-430 ha) and relatively large (>2,300 ha) landscape sizes. Second, the 
density of Callicebus nigrifrons consistently increased with decreasing forest cover, but this 
association is strongest when considering the largest spatial scale. Finally, forest edge density 
showed a consistent negative effect on species richness across scales, especially at the two 
largest scales. Therefore, our findings reinforce the importance of using a multi-scale 
approach to evaluate accurately the impact of landscape structure on primates [Arroyo-
Rodríguez & Fahrig, 2014; Jackson & Fahrig, 2015]. 
Contrary to our expectations, primate species richness was not strongly related to 
landscape structure at scales larger than the ones affecting C. nigrifrons density. The fact that 
primates responded more strongly to landscape variables measured within relatively small 
(100-430 ha) and relatively large (>2,300 ha) landscape sizes suggests that primates are 
affected by processes operating at these two different spatial scales. Processes that can affect 
primates at relatively small scales include resource variability, inter- and intra-specific 
competition, predation, logging and hunting; whereas dispersal limitation, metapopulation 
dynamics, source-sink dynamics and supplementation dynamics can affect primates at larger 
spatial scales [Arroyo-Rodríguez & Mandujano, 2009; Marsh et al., 2013]. We do not have 
data to evaluate the relative importance of all these processes, but based on our findings we 
agree with the idea that the scale of landscape effects differ among response variables and 
among landscape predictors [Jackson & Fahrig, 2015; Crouzeilles & Curran, 2015; present 
study]. Moreover, in our study we contradict the pattern proposed by Jackson and Fahrig 
[2014], in which population dynamics influence individuals at smaller scales than species 
occurrence. The authors explained the pattern found in their simulated models based on the 
temporal scales over which each ecological response is regulated [Jackson & Fahrig, 2014]. 
Thus, since the forest reduction in the study region is relatively recent [Shida, 2005; Joly et 
al., 2008; Martinelli & Filoso, 2008], it is possible that the population response to this 
scenario can change in some generations, fitting Jackson and Fahrig [2014] predictions. 
Therefore, we reinforce that, besides species characteristics, the regional and historical 
context also influence the scale of effect of landscape attributes [Gardner et al., 2009; Miguet 
et al. 2015].  
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The effect of habitat loss, estimated by forest cover, on C. nigrifrons density was 
strongest at the largest scale. Yet, the fact that this effect was consistently negative across 
scales highlights the importance of this landscape metric for titi monkeys population. 
Increased densities of monkeys with decreasing amount of forest have been previously 
documented for other primate species [Estrada et al., 2002; Arroyo-Rodríguez et al., 2013a]. 
The landscapes with lower forest cover can show smaller and more isolated forest patches 
[Andrén, 1994; Ewers & Didham, 2006; Fahrig, 2013], a possible situation that fits the 
scenario of the study area (Fig.1 and 3). In a short time after disturbance, this landscape 
structure may cause a transient concentration of individuals in the few forest remnants, 
especially of forest specialist species, since habitat availability was reduced [Tschartke et al., 
2012]. Such population isolation may also be promoted, at least partially, by the dominance of 
anthropogenic infrastructures in the landscape. In particular, the density of C. nigrifrons was 
consistently higher in landscapes dominated by anthropogenic land covers (i.e., urban areas, 
human buildings and roads). Additionally, the landscape of stronger effect was the smaller 
ones, representing a local effect of human influence. Since titi monkeys are known to have a 
cryptic behavior and avoid human presence [Bicca-Marques & Heymann, 2013], the 
proximity to human pressure of forest remnants can also inhibit the movement of individuals 
between patches. Living at high population densities can expose primates to several threats, 
including lower availability of resources, higher competition and stress levels, and higher 
endoparasite loads [Arroyo-Rodríguez & Dias, 2010; Marsh et al., 2013]. Thus, primates in 
this situation may show a higher extinction debt that should be paid in the following decades 
[Cowlishaw, 1999; Metzger et al., 2009], and thus, in the long term, the reduction in forest 
cover may represent a negative effect on C. nigrifrons populations. The influence of 
landscape structure on primates population needs further studies.  
Species richness was consistently negatively related to forest edge density across 
scales, especially when considering larger scales. This can be explained by the higher total 
amount of forest that can be affected by edge effects in landscapes with higher edge density 
[reviewed by Ewers & Didham, 2006]. In particular, forest edges may show altered 
microclimatic conditions [Tuff et al., 2016], which can increase tree mortality and reduce the 
amount of large trees along forest edges [Laurance et al., 1997, 2000]. Larger trees are known 
to produce more fruits [Chapman et al., 1992], refuge, and other important resources for 
animals [reviewed by Lindenmayer & Laurance, 2016], and the disappearance of large trees 
has been associated with an increase in spider monkey stress levels [Ordóñez-Gómez et al., 
2016] and with the extirpation of primates in HMLs [Arroyo-Rodríguez et al., 2007]. In this 
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sense, the increase of forest edge in the landscape may represent a reduction in habitat 
availability to some forest dependent species, and thus less forest structure and species 
diversity to support a higher number of species with low resources overlap.  
The scales of effect found in this study (~100-430 ha, and >2,300 ha) may be used 
as a starting point for researchers interested in evaluating the impact of landscape structure on 
Neotropical primates. In fact, the former one (100-430 ha) is within the range reported in 
previous studies [100 ha: Arroyo‐Rodríguez et al., 2013a; 126 ha: Ordóñez-Gómez et al., 
2015]. However, the few studies that investigate the effect of landscape patterns on primates 
measure landscape metrics in landscapes of < 1,000 ha [e.g., 50–665 ha: Ordóñez-Gomez et 
al., 2015; 100 and 500 ha: Arroyo-Rodríguez et al., 2013b; 315 ha: Anzures-Dadda & 
Manson, 2007; 79 ha: Silva et al., 2015]. In addition, the fact that in the present study we 
observed in several cases that the scale of effect was equal to the largest scale suggests that 
primates would respond more strongly to landscape metrics measured at larger scales than 
that (>2,827 ha) [Jackson & Fahrig, 2015]. Therefore, additional studies including a wider 
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Supplementary Material. Relation between vegetation type of focal forest patch and of the four spatial attributes for each of the 10 landscape 












No cenário atual de modificação da paisagem pelo uso humano, a degradação florestal afeta 
as comunidades biológicas, ameaçando a biodiversidade. A persistência de espécies 
especialistas florestais, como os primatas Neotropicais, é ameaçada pela supressão e 
fragmentação dos remanescentes florestais. Neste trabalho, nós descrevemos a presença de 
cada espécie de primata (dentre: Callithrix penicillata, Callicebus nigrifrons, Sapajus nigritus 
e Alouatta caraya) e sua coocorrência, e testamos quais atributos melhor predizem a riqueza 
de espécies de primatas em 16 fragmentos florestais em uma região fragmentada. Nós 
avaliamos métricas em escala local (tipo de vegetação) e de paisagem (densidade de 
fragmentos florestais, porcentagem de cobertura florestal, densidade de borda florestal). Nós 
detectamos espécies de primatas em 13 dos 16 fragmentos focais das paisagens, e a riqueza de 
primatas variou de zero a três espécies. Nós não encontramos as quatro espécies coocorrendo 
em nenhum dos fragmentos estudados. A riqueza de espécies foi explicada tanto por variáveis 
de escala local quanto de paisagem. O número de espécies foi maior em fragmentos de 
floresta estacional semidecidual e em paisagens com baixa densidade de borda e menor 
porcentagem de cobertura florestal. A maior complexidade estrutural e diversidade de plantas 
em um fragmento florestal possibilitam suportar um maior número de espécies em conjunto. 
Mais ainda, a probabilidade de uma espécie ser registrada no fragmento focal é maior nas 
paisagens com baixa disponibilidade de hábitat. A associação negativa entre a cobertura 
forestal e a riqueza de espécies parece contraditória e deve ser observada com cuidado. Nós 
não podemos argumentar que a perda de hábitat esteja favorecendo a persistência dos 
primatas na paisagem, pois os fragmentos florestais parecem não suportar toda diversidade de 
espécies em um mesmo local, e algumas espécies são raramente encontradas na região. 
Portanto, a perspectiva da comunidade dos primatas na região de estudo é preocupante, e 
estudos sobre suas respostas comportamentais e populacionais são necessários para 
compreender como cada espécie está lidando com a mudança da paisagem.  
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In the current scenario of landscape change by human land use, the forest conversion and 
degradation affect biological communities, threatening the biodiversity. The forest loss and 
fragmentation affect the persistence of forest dependent species, such as Neotropical primates. 
Here we described the presence of each primate species (from a set of four species: Callithrix 
penicillata, Callicebus nigrifrons, Sapajus nigritus and Alouatta caraya) and their co-
occurrence, and tested the best predictors of primate species richness, in 16 forest patches at a 
fragmented region. We considered patch-scale (vegetation type of focal patch) and landscape-
scale (density of forest patches, percentage of forest cover, and forest edge density) metrics. 
We recorded primates in 13 out of 16 patches, and primate species richness ranged from 0 to 
3 species. We did not find a single patch with all four species. Species richness was explained 
by both patch and landscape scale variables. The number of primate species was higher in 
semideciduous Atlantic Forest patches and within landscapes with low edge density and forest 
cover. The structural complexity and higher plant diversity in the focal patch possibly support 
a high number of species. Moreover, the probability of recording a species in the focal patch 
is increased in landscapes with low habitat availability. The negative association betweem 
forest cover and species richness seems to be contradictory and have to be observed with 
cautions. We cannot argue that habitat loss is favoring primates’ persistence, because the 
forest patches seem do not support all possible primates diversity in a single area, and some 
primate species were rarely found. Thereore, the prospect of primates community in the study 
region is alarming, and thus studies about each species’ population and behavioral responses 
are necessary to evaluate their tolerance to landscape change. 
 






Forest conversion and degradation can be considered the greatest threat to 
biodiversity, since human land use tend to be concentrated in more productive, and so more 
biodiverse, regions worldwide [Gibson et al., 2011; Ellis, 2013]. The process of human-
induced habitat fragmentation changes landscape structure, i.e. its composition (different 
proportions of land cover types) and its configuration (spatial arrangement of these types) 
[Dunning et al., 1992; Andrén, 1994; Fahrig, 2003]. In this scenario, local biodiversity is 
influenced by both forest patches’ features and landscape structure [Arroyo-Rodríguez et al., 
2013a; Garmendia et al., 2013], but the responses to fragmentation process vary according to 
the biological characteristics of the species [Wiens et al., 1993; Metzger, 2001; Fischer & 
Lindenmayer, 2007]. 
For forest dependent species, the forest patch could be considered isolated as an 
island if the landscape matrix is considered inhospitable as water around islands [Cook et al., 
2002; Haila, 2002]. In this case, the most important attributes affecting the number of species 
could be the forest patch size and habitat isolation, which affects the extinction and 
colonization dynamics, respectively, as proposed by the island biogeography theory 
[MacArthur & Wilson, 1967; Haila, 2002; Arroyo-Rodríguez & Mandujano, 2009]. However, 
even for forest dependent species, the matrix may not be completely resistant to species 
movement and also may complementate resources that favor the persistence of species in 
disturbed landscapes [Dunning et al., 1992]. Thus, the configuration of the landscape may 
exert influence on colonization and extinction dynamics, by the connectivity among forest 
remnants, according to their distance and matrix types among them [Fahrig & Merriam, 1994; 
Haila, 2002]. In this sense, in a metapopulational approach, the presence of one species in the 
landscape depends on the maintenance of the balance between extinction and migration of 
individuals throughout the landscape, allowing the persistence of local populations [Hanski, 
1999; Arroyo-Rodríguez & Mandujano, 2009].  
In the scenario of landscape fragmentation, biodiversity generally has been strong 
negatively affected by the reduction of forest cover and weak positively or negatively affected 
by the degree of fragmentation [reviewed by Fahrig, 2003]. For forest dependent species, the 
habitat loss seems to be the most important factor affecting species persistence [Carrara et al., 
2015; Arroyo-Rodríguez et al., 2016]; however, some studies also reported that fragmentation 
per se may be more important than habitat loss [Thornton et al., 2011; Garmendia et al., 





processes operate, to better understand how biodiversity has been affect by landscape 
modification and to propose conservation plans [Jackson & Fahrig, 2015; Miguet et al., 2015].  
Among forest dependent species, Neotropical primates are a group strongly 
threatened by landscape changes [Chapman & Peres, 2001], and they can be influenced by 
changes in both local and regional scales [Anzures-Dadda & Mason, 2007; Arroyo-Rodríguez 
& Mandujano, 2009; Arroyo-Rodríguez et al., 2013b]. Moreover, primate species are 
sensitive to habitat loss [Chapman & Peres, 2001] and also play an important role in the 
maintenance and recovery of biodiversity [Lambert & Garber, 1998; Chapman & Onderdonk, 
1998; Stoner et al., 2007; Arroyo-Rodríguez et al., 2015]. However, studies evaluating how 
primates respond to landscape change under a landscape perspective are still scarce [Arroyo-
Rodríguez et al., 2013a], and fewer assessed the scale of effect of the landscape attributes on 
ecological responses [Chapter 2]. Therefore, knowing which landscape attributes influence 
species persistence in the remnants is critical to better inform conservation and management 
plans in fragmented regions. Additionally, implementing mitigation strategies to preserve 
sensitive species can facilitate the persistence of other more generalist but also endangered 
species [Primack, 2012]. Such approaches make sense mainly in disturbed areas, such as the 
agroecosystems regions, where the fragmentation process is intense and the biodiversity is 
highly endangered [Verdade et al., 2016].  
In the northeastern region of São Paulo State, Brazil, four primates species 
(Callithrix penicillata, Callicebus nigrifrons, Sapajus nigritus, and Alouatta caraya) may be 
found in the forest patches. This four species co-occur in Jataí Ecological Station [Dornelles, 
2001; personal observation], a protected area of about 90 km². In this study, we described the 
presence of each primate species and their co-occurrence in 16 forest patches within 
landscapes of an urban agricultural region in the northeast of São Paulo State-Brazil. We also 
tested which attributes (vegetation type, forest edge density, forest cover, density of forest 
patches) best predict the primate species richness. We expected that species richness is 
influenced by both local and landscape scale attributes [Anzures-Dadda & Manson, 2007; 
Arroyo-Rodríguez et al., 2013b]. We also expected that habitat loss is the main landscape 
factor reducing the richness of forest dependent species, such as primates [Carrara et al., 
2015; Arroyo-Rodríguez et al., 2016]. Thus, we hypothesized that primates species richness is 
lower in forest patches within landscapes with reduced forest cover, due to reduction in 
habitat availability [Carrara et al., 2015; Arroyo-Rodríguez et al., 2016]. We also 





vegetation type has more complex forest structure and plant species diversity [Coutinho, 
1978; Martins, 1991; Forzza et al., 2002], and thus may support a higher number of forest 
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Study area 
We studied 16 forest patches in the northeast of São Paulo State, Brazil (Fig. 1). 
The natural vegetation of São Paulo State, dominated by Atlantic Forest and Brazilian 
Cerrado, was reduced to only about 13% [Joly et al., 2008], and currently, the study region is 
composed by landscapes with generally small forest patches (<0.5 km² [Ribeiro et al., 2009]) 
and agricultural lands increasingly dominated by sugar cane crops [Martinelli & Filoso, 
2008]. 
As the study area is within a transition region between Atlantic forest and 
Brazilian Cerrado, we studied both vegetation types, with nine focal patches of cerradão 
[woodland savanna, Oliveira & Marquis, 2002] and seven of Atlantic Forest (Fig. 1). The 
focal patches were separated from each other by at least 2.8 km (mean Euclidian distance 
from the edge of focal patches to the nearest studied patch edge = 8.38 ± SD 5.49 km; range: 
2.8–25.0 km). The size of the focal patches ranged from 0.25 to 3.56 km²; however, we 
certified that patch size variation did not differ between both vegetation types (two-tailed 
unpaired t test: t = -0.47, P = 0.65). The region is characterized by a seasonal climate, with a 
milder and dry season from April to September, and a warm and wet season for the rest of the 







Figure 1. Location of the study sites in the northeast of São Paulo State, Brazil. Highlighted fragments 
represent the focal patches where species richness was measured, composed by Semideciduous 
Atlantic forest (black) and cerradão (white) vegetation types. The circles represent the largest buffer 
studied (radius: 3,000 m; area: 28.27 km²), designed from the geographic center of each focal patch. 
The gray fragment is the Jataí Ecological Station, a preserved area of about 90 km².  
 
Primate data collection 
We surveyed each focal forest patch (from September 2013 to June 2014) to 
check the presence of the four primate species present in the region (Callithrix penicillata, 
Callicebus nigrifrons, Sapajus nigritus and Alouatta caraya). We walked inside the patches 
along human foot paths and game trails, and also through sections without any obvious trails, 
looking for vestiges (feces or gummivory marks), actively searching primates to attempt a 
visual contact, and being attentive to their vocalizations. We surveyed only in the morning 
(for five hours per day, starting at the second hour after sunrise), since primates are more 
active in this period. In each survey we travelled different portions of forest patch and about 2 
km per km² of forest patch’s area to standardize the effort among patches of different sizes. 
Hence, depending on patch size, we completed each survey in 1 to 3 days. We surveyed the 
patches four times, because in the 4
th 





patch (Fig. 2). We traveled a total of 202,470 m (average speed: 868.9 m/h ± SD 306 m/h) 
during about 340 hours of fieldwork distributed in 97 days (Fig. 3).   
 
 
Figure 2. Cumulative number of species detected in each forest patch sampled along the four surveys. 
Note that in the 4
th
 survey no new species was detected. 
 
 
To enhance our detectability, we also performed playback sessions, after every 1 
km traveled (Fig.3), minimizing the overposition of stimuli broadcasted, due to the loud 
output of the loudspeaker (Anchor MiniVox, Anchor, Carlsbad, CA; loudspeaker: frequency 
response range= 100–15000 Hz, output power= 30W, Maximum SPL= 109 db). Thus, at 
these random points we reproduced a 1-minute recording from each species, directing the 
loudspeaker to the four cardinal directions (15 s to each direction: N, E, S, W), with a 5-
minutes interval between each species playback. We chose long calls vocalizations from each 
species, edited the recordings to last one minute and remove background noise. Then we 
tested them with wild and captive individuals of each species to assure they are stimulated by 








Figure 3. Sample effort to the primates presence survey. The lines represent the tracks walked by 
researchers inside each forest patch. The circles show the area surveyed by playbacks, considering its 
radius as 100-m, which is the minimal distance cover range according to Callithrix’s recordings. 
Yellow patches are characterized by Cerradão vegetation type, and the red ones by Atlantic forest.  
 
Landscape attributes 
We adopted a focal patch-landscape approach [following Arroyo‐Rodríguez & 
Fahrig, 2014], in which response variables are registered in focal patches, but explanatory 
variables (i.e. spatial attributes in this case) are measured in the surrounding landscape [sensu 
McGarigal & Cushman, 2002]. First, we established a buffer of 3,000 m radius (28.27 km²) 
from the geographic center of each focal patch (Fig. 1), which represented the maximum size 
until our different study sites had minimal overlap, to avoid pseudo-replication issues in our 
analyses [Eigenbrod et al., 2011]. Then, we produced land use cover maps of each landscape 
surrounding the focal patches, using satellite imagery from Google Earth© (June, 2014) with 
5 m of resolution. We generated these maps by manual vectorization at a 1:10,000 scale, 
followed by visual classification, using Quantum GIS 2.0.1 software [QGIS Development 
Team, 2013]. We then classified the land use according to nine land-cover types: forest cover, 





crops, sugarcane and corn crops, cattle pastures and open areas, and human constructions 
(Fig. 4).  
 
 
Figure 4. Spatial structure of the studied sites at the largest landscape (28.27 km²) evaluated. The 
letters correspond to those shown in Figure 1. 
 
We estimated three landscape attributes: (i) density of forest patches; (ii) forest 
edge density; and (iii) forest cover (Table 1). The density of forest patches was calculated as 
the number of forest patches divided by the total area of landscape, and the forest edge density 
as the total perimeter length of all forest patches within the landscape divided by the total area 
of landscape. The forest cover was calculated as the percentage of total area comprised by 
forest patches, such as primary and secondary Atlantic Forest and cerradão. We evaluated the 
influence of landscape fragmentation process on primates richness, considering the scale of 
effect of each landscape attribute previously determined to the same study sites [Chapter 2], in 





involved in the patterns we found [Jackson & Fahrig, 2012; 2015]. Therefore, we calculated 
the density of forest patches within a buffer of 557 m (0.98-km² landscape size); the forest 
edge density within 2,695 m (22.82-km² landscape size); and the forest cover percentage 
within 3000 m (28.27-km² landscape size) (Table 1). For describing the occurrence of 
primates species according to landscape variables, we measured the landscape attributes at the 
largest scale considered in species richness analysis (28.27-km² landscape size). We also 
evaluated one patch’s attribute, the vegetation type, because the study region is a transition 
area from Atlantic Forest and Brazilian Cerrado [Martins, 1991; Oliveira & Marquis, 2002], 
thus we could test the influence of vegetation structure on species richness [Coutinho, 1978; 
Martins, 1991].  
We certified that patch size variation was not related to landscape attributes 
measured at their scale of effect: density of forest patches (Pearson correlation: r=-0.39, 
N=16); forest cover (Pearson correlation: r=0.05, N=16); and forest edge density (Pearson 
correlation: r=-0.30, N=16). Thus, patch size variation did not influence on landscape 
attributes effects detected in this study. We calculated all landscape metrics in Quantum GIS 
2.0.1 software [QGIS Development Team, 2013] and ArcGis 10.2.2 (free trial [ESRI, 2014]) 
software with the V-late plugin [2013]. 
 
Table 1. Landscape spatial attributes assessed to the 16 landscapes in the northeastern São Paulo, 
Brazil, in their appropriate scale of effect for primates presence description and primates richness 
analyses. 
Landscape attribute 
Scale of assessment 
(km²)  
Mean ± SD Range 
Presence    
Density of forest patches (N/ha) 28.27  0.70 ± 0.27 0.25 – 1.10 
Forest edge density (m/ha) 28.27  2240 ± 747 1086 - 3616 
Forest cover (%) 28.27  20.77 + 8.52 8.99 – 41.36 
Richness    
Density of forest patches (N/km²) 0.98  1.3 ± 0. 5 1.0– 3.1 
Forest edge density (m/km²) 22.82  2100 ± 777 947 – 3760 
Forest cover (%) 28.27 20.77 ± 8.52 8.99 – 41.36 
 
Statistical analysis 
We described the presence pattern of species, because we had not enough 
presence/absence data from each species to perform statistical analysis relating their 





For evaluating which patch and landscape attributes had stronger influence on 
primate species richness we used multiple regression analyses with generalized linear models 
(GLM) [Crawley, 2007]. To avoid collinearity between the predictor variables in multivariate 
models, we checked the variance inflation factor (VIF) of each predictor [Neter et al., 1996] 
using the car package for R version 3.3.0 [R Core Team 2016]. As all VIF values were lower 
than 2 (ranging from 1.14 to 1.97), we did not have problems with collinearity [Neter et al., 
1996] and we could include the four variables in the set of models (all possible combination 
of the predictors and the null model).  
For constructing GLMs we used a Poisson error and a log-link function as 
recommended for count response variables [Crawley, 2007]. We ranked the models based on 
the Akaike’s information criterion corrected for small samples (AICc). In addition, we 
corrected the overdispersion data of models with Poisson errors [Crawley, 2007] by using 
QAICc values instead of AICc in such models [Calcagno & Mazancourt, 2010]. Then, to 
identify the subset of models with stronger levels of empirical support [Burnham & Anderson, 
2002], we evaluate the value of QAICc: the model with the lowest QAICc was considered the 
most plausible [Neter et al., 1996], and the models with the difference between its QAICc and 
the QAICc of the most plausible model (QΔAICc) less than 2 (i.e., QΔAICc < 2) were also 
considered equally plausible models [Burnham & Anderson, 2002]. 
After that, we used Akaike weights (wi) to evaluate the importance of each 
predictor and produce model-averaged parameter estimates [Burnham & Anderson, 2002]. 
Akaike weights (wi) represent the probability that a particular model is selected as the best 
fitting model if the data were collected again under identical circumstances [Whittingham et 
al., 2005]. Then, we ranked the models sequentially summing Akaike weights until the total 
was >0.95, and so we evaluated the relative importance of each predictor based on the sum of 
Akaike weights (sum of wi) of each candidate model in which such predictor appeared 
[Burnham & Anderson, 2002]. Model-averaged parameter estimates (β) and their 
unconditional variance were calculated from this 95% confidence set of models to assess the 
association between each predictor and each response variable [Burnham & Anderson, 2002]. 
Also, the goodness-of-fit of the models was estimated by the percentage of deviance 
explained by the model compared with the null model (i.e., the model that includes only the 
intercept) [Crawley, 2007]. We performed all analyses in R software version 3.3.0 [R 







We recorded primates species in 13 forest patches. Callicebus nigrifrons was the 
most common species (81% of all sampled patches), while Callithrix sp., Sapajus nigritus and 
Alouatta caraya occurred in fewer patches: four, three and two respectively (Fig. 5). We 
found two species from the Callithrix genus: C. penicillata in three patches and C. jacchus (an 
exotic and invasive species) in one. Callicebus nigrifrons co-occurred with all other species, 
but S. nigritus co-occurred just with C. nigrifrons, while Callithrix sp. and A. caraya also co-
occurred (Fig. 5). In general, at patch scale, C. nigrifrons and Callithrix sp. were found in 
both vegetation types, while S. nigritus and A. caraya were found just in Atlantic forest. At 
landscape scale we can notice that Callithrix sp. and A. caraya were just found when edge 
density and density of forest patches were low. Also, S. nigritus was found in landscapes with 
high density of forest edges and not in the opposite. No other relevant result was visually 
found in the data (Table 2). 
 
 
Figure 5. Primate species presence in 16 forest patches in the northest of São Paulo State. Blue 







Table 2. Primates occurrence according to patch and landscapes (at 28.27-km² of landscape 
size) attributes in northeast São Paulo, Brazil. 
  Callithrix sp. 
(N=4) 
Callicebus nigrifrons  
(N=13) 
Sapajus nigritus  
(N=3) 
Alouatta caraya  
(N=2)   
Patch scale         
Patch size (km²)                 
  0.1 – 0.5 (N=4) 1 (25%) 3 (23%) 0 (0%) 0 (0%) 
> 0.5 – 0.9 (N=4) 0 (0%) 3 (23%) 1 (33.3%) 0 (0%) 
> 0.9 – 2.3 (N=4) 1 (25%) 3 (23%) 1 (33.3%) 1 (50%) 
> 2.3 – 3.6 (N=4) 2 (50%) 4 (31%) 1 (33.3%) 1 (50%) 
         Vegetation type 
        - cerradão (N=9) 2 (50%) 7 (53.85%) 0 (0%) 0 (0%) 
- Atlantic forest (N=7) 2 (50%) 6 (46.2%) 3 (100%) 2 (100%) 
         Landscape scale         
Edge density (m/km²) 
           1,000 – 1,600 (N=4) 2 (50%) 4 (31%) 0 (0%) 1 (50%) 
> 1,600 – 2,400 (N=4) 2 (50%) 3 (23.1%) 0 (0%) 1 (50%) 
> 2,400 – 2,600 (N=4) 0 (0%) 4 (31%) 2 (66.6%) 0 (0%) 
> 2,600 – 3,600 (N=4) 0 (0%) 2 (16%) 1 (33.3%) 0 (0%) 
         Density of forest patches (N/km²) 
           0.25 - 0.46 (N=4) 2 (50%) 3 (23.1%) 1 (33.3%) 1 (50%) 
> 0.46 - 0.71 (N=4) 2 (50%) 4 (31%) 0 (0%) 1 (50%) 
> 0.71 - 0.85 (N=4) 0 (0%) 3 (23.1%) 1 (33.3%) 0 (0%) 
> 0.85 - 1.10 (N=4) 0 (0%) 3 (23.1%) 1 (33.3%) 0 (0%) 
         Forest cover (%) 
            5 - 16 (N=4) 1 (25%) 4 (31%) 1 (33.3%) 1 (50%) 
> 16 - 19 (N=4) 1 (25%) 4 (31%) 1 (33.3%) 0 (0%) 
> 19 - 22 (N=4) 2 (50%) 3 (23.1%) 0 (0%) 1 (50%) 
> 22 - 42 (N=4) 0 (0%) 2 (16%) 1 (33.3%) 0 (0%) 
      
          
Species richness in the 16 focal forest patches ranged from zero to three species, 
and had a relatively strong association with the landscape attributes and vegetation type 
(explained deviance of complete model = 45.3%). Species richness was higher in patches of 
Semideciduous Atlantic forest vegetation (Table 3). Species richness had negative 
associations with forest edge density and forest cover (Table 3; Fig. 6). The sum of Akaike 
weights of density of patches was particularly low (Fig. 6) and this predictor did not 







Table 3. Results of information-theoretic-based model selection and multimodel inference for primate 
species richness. We show here the set of models for which Akaike weight >0.95, the values of model-
averaged parameter estimates (β), and unconditional variance (UV). The most plausible models are 
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92.720 4.538 0.025  
11 X 
  
X 92.926 4.743 0.022  
12 null model 
   
92.951 4.768 0.022  
        
 
β 0.541* -0.0002* -0.026* -0.060 
 
Σwi = 0.956 
UV 0.259 1.2 E-07 1.1 E-03 0.0792 
 
   
1
 In the case of vegetation type, the positive association indicates Semideciduous Atlantic forest, and negative 
the cerradão. 
* the unconditional variance was smaller than the model-averaged parameter estimates, suggesting safety 
interpretation of β [Burnham & Anderson, 2002].  
X indicates variable inclusion in each individual model. 






Figure 6. Predictor variables included in the ΔAICc < 2 set of models (black bars) and in 95% set of 
models (gray bars) for species richness in the northeast of São Paulo State, Brazil. The importance of 
each variable is shown by the sum of Akaike weights. The sign (+/-) of Akaike weights represents the 
effect (positive or negative) of each predictor on species richness based on the model-averaged 
parameters. In the case of vegetation type, the positive direction indicates Semideciduous Atlantic 
forest, and negative the cerradão. Predictors: VEG (vegetation type), DP (density of forest patches), 
FC (forest cover percentage) and ED (forest edge density). Values with an asterisk indicate cases 
where the unconditional variance was smaller than the model-averaged parameter estimates. On the 
right side, the scatterplot of relationships between each landscape attribute and species richness, in 




The modification of landscape in the study region seems to have negative impacts 
on primate species co-occurrence, since we did not find a single patch with all four species. 
While Callicebus nigrifrons occupied the majority of surveyed forest patches, suggesting that 
this species can be resistant to landscape change, Alouatta caraya were rarely found. In the 
addition, primate species richness was influenced by both patch and landscape attributes. 
Species richness was higher in patches of Semidecidous Atlantic Forest and in landscapes 
with low density of edges and forest cover. The structural complexity, higher plant diversity 
and the low influence of edge effect in the focal patch may increase the capacity support a 
high number of species. However, the increase of primate species richness with the reduction 





 The results were inconclusive about the presence of each species, because three 
species were seldom found (Callithrix sp., Sapajus sp., Alouatta caraya), while Callicebus 
nigrifrons occurred in almost all the remnants, precluding the observation of patterns due to 
low variation of presence/absence data. Thus, we could not to evaluate how each species 
respond to landscape structure, according to their different behavioral and biological aspects. 
Overall, although all four species may co-occur, as recorded in Jataí Ecological Station 
[Dornelles, 2001; personal observation], a protected area of about 90 km² situated in the same 
study region [Fig. 1], we did not find all species co-occurring in the forest patches. As the 
species are behaviorally distinct [Bicca-Marques, 2003; Fragaszy et al., 2004; Corrêa & 
Coutinho, 2008; Bicca-Marques et al., 2009; Bicca-Marques & Heymann, 2013], they could 
co-occur with low overlap in the preferred resources. However, in modified landscapes their 
co-occurrence can be precluded by limitations in habitat availability to support all of them 
simultaneously in the forest patches [Fahrig, 2003]. Among the studied species, C. nigrifrons 
seems to be the most tolerant to landscape change. Although the species from the Callicebus 
genus are relatively little studied, the titi monkeys’ capacity to live in disturbed areas has 
already been reported [Heiduck, 2002]. However, our result must be taken with caution, since 
the damages on their population may not be detected so far [Michalski & Peres, 2005; Ewers 
& Didham, 2006]. More detailed studies about landscape structure influence on their 
population dynamics and how they behaviorally deal with this new scenario are necessary to 
conclude if they are resistant to landscape change. 
On the other hand, A. caraya was the least detected species, contrary to the 
expected. Howler monkeys are reported as resistant to habitat fragmentation, because of their 
small home range size and their leaf-based dietary, which allows their persistence in small 
forest patches [Bicca-Marques, 2003; Thornton et al., 2011]. We suggest that the yellow fever 
endemism recorded in the region some years ago [Moreno et al., 2011; 2013] is a possible 
explanation to the decline of A. caraya population, as the negative effect of yellow fever on 
howler monkeys is well-known [Almeida et al., 2012]. Other factors, such as hunting, can 
also promote the local extirpation of species, inducing the population decline [Thoisy et al., 
2009]. Species isolated in habitat fragments are threatened by stochastic factors and can be 
locally extirpated if local population is not large enough to have genetic variability to resist, 
for example, to diseases such as yellow fever [Fischer & Lindenmayer, 2007]. Moreover, if 
the movement of individuals among remnants is hindered or prevented, the recolonization of 





1994]. We do not have data to evaluate these suggestions, but we highlight that the low 
presence of howler monkeys in the study area is worrisome. In addition, howler monkeys are 
reported as a relatively large and effective seed disperser, and so their disappearance from 
these forest remnants has a negative impact on local plant diversity in the long term [Stoner et 
al., 2007; Arroyo-Rodríguez et al., 2015]. Further studies on this topic are necessary in order 
to implement management plans to recover the local howler monkeys’ population.  
Both patch and landscape scale variables explain the variation of the number of 
primate species in forest patches. At patch scale, primate species richness was higher in focal 
patches composed by Atlantic Forest. Vegetation types structurally more complex, such as 
Atlantic Forest [Coutinho, 1978; Martins, 1991], show greater numbers of strata that allow 
space partitioning among sympatric species [Gouveia et al., 2014]. In addition, the plant 
diversity present in semideciduous Atlantic Forest can offer a variety of food resources, 
supporting more species with low food resources overlap [Coutinho, 1978; Martins, 1991; 
Forzza et al., 2002]. Besides, at landscape scale species richness was higher within landscapes 
with low forest edge density. Landscapes with high edge effect have higher proportion of 
forest altered by external factors than core areas [Ewers & Didham, 2006], such as 
microclimatic conditions at edges and reduced amount of large trees [Laurance et al., 1997, 
2000]. Although the increased mortality of large trees usually lead to the proliferation of light-
demanding lianas and pioneer trees [Santos et al., 2008; Rocha-Santos et al., 2016], such 
proliferation does not compensate the biomass that is lost with the extirpation of large trees 
[Laurance et al., 1997]. In addition, forest patches with high edge effect present reduction in 
plant reproductive traits diversity, increase in species similarity, and loss of functional 
diversity [Girão et al., 2007; Lôbo et al., 2011]. This reduction in larger trees and plant 
diversity may represent a reduction in food resource diversity for forest dependent species, 
such as fruits, refuge, and other important resources for animals [Chapman et al., 1992; 
Lindenmayer & Laurance, 2016]. Therefore, forest patches with more complex vegetation 
type within landscapes with lower edge effect can provide more diverse resources to support a 
greater diversity of species [Arroyo-Rodríguez et al., 2007; Gibson et al., 2011; Gouveia et 
al., 2014]. 
Contrary to what we expected, primate species richness was higher when forest 
cover was low in the landscape. Under intense habitat loss, the reduction in habitat cover can 
be followed by a reduction in the number and an increase isolation of habitat patches 





maximum forest cover is about 42% (86% of studied landscapes with less than 30% of forest 
cover measured at 28.27-km² landscape size; Table 1) and the landcapes show relatively few 
and sparced fragments (Fig. 2). This situation reduces the probability of migration of 
individuals among habitat patches, and species are expected to be concentrated in the forest 
patches if the patches have the necessary characteristics to support them [Ewers & Didham, 
2006; Tschartke et al., 2012]. Although contrary to our expectation, we cannot argue that 
habitat loss is favoring primates’ persistence from this negative association between forest 
cover and species richness, because the low forest cover in some landscapes may have not 
enough habitat available to disperse and maintain healthy populations [Ewers & Didham, 
2006; Laurance et al., 2008]. Moreover, the forest patches seem do not support all possible 
primates diversity in a single area, and some primate species were rarely found. Thus the 
prospect of primates community in the study region is alarming, and studies about each 
species’ population and behavioral responses are necessary to evaluate their tolerance to 
landscape change. 
In the current deforestation scenario, to reduce the negative impact of habitat loss 
and edge effect on species persistence, conservation plans need to improve habitat 
availability. In this sense, recovering forest by increasing forest patch size can be the first step 
to provide an increase in resource availability to primates and a reduction in edge effect 
[Ewers & Didham, 2006; Fischer & Lindenmayer, 2007; Boyle & Smith, 2010; Fahrig, 2013], 
since these features were important to explain primate species richness. In addition, it is also 
important to plan reforestation areas, such as forest corridors, to favour the inter-patch 
movement of individuals among forest pacthes, in order to recolonizate patches where they 
disappeared. Accordingly, extinction probability of species could decrease and forest 
specialist diversity could be protected in the long term [Andrén, 1994; Hanski, 1999; Fischer 
& Lindenmayer, 2007]. 
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INFLUÊNCIA DA CONFIGURAÇÃO E DA COMPOSIÇÃO DA PAISAGEM NA 
DENSIDADE DE SAUÁS (Callicebus nigrifrons)  
 
RESUMO 
A estrutura das paisagens tem sido modificada pelo intenso uso e ocupação do solo. Nesse 
sentido, é essencial entender como os atributos de configuração e composição da paisagem 
são alterados e quais deles influenciam processos biológicos. Nosso objetivo foi avaliar a 
influência de atributos de configuração (densidade de fragmentos florestais e densidade de 
borda florestal) e de composição (cobertura florestal) da paisagem na densidade de sauás 
(Callicebus nigrifrons) em uma região fragmentada no nordeste do estado de São Paulo. Nós 
estimamos a densidade de sauás em 14 fragmentos florestais, e calculamos atributos da 
paisagem no entorno de cada fragmento avaliado. Nós utilizamos a abordagem multi model 
averaging para avaliar a influência dos atributos espaciais na densidade de sauás. Como 
esperado para espécies especialistas florestais, o atributo de composição da paisagem 
(cobertura florestal) foi mais importante que os atributos de configuração, na influência sobre 
a densidade de sauás. Entretanto, a configuração da paisagem teve influência neste padrão, já 
que o efeito da cobertura florestal só foi observado em conjunto com o efeito da densidade de 
fragmentos florestais. A densidade de sauás aumentou com a redução da cobertura florestal e 
com o aumento do número de fragmentos florestais na paisagem. Em curto prazo após o 
distúrbio, essa estrutura da paisagem pode levar à concentração dos indivíduos nos 
fragmentos restantes. Porém, outros processos afetados por este cenário também podem levar 
ao aumento na densidade dos sauás, como, por exemplo, a redução na taxa de predação. 
Portanto, nós concluímos que os atributos de composição e configuração da paisagem 
provavelmente atuam em consonância nas respostas biológicas das espécies às modificações 
da paisagem. Mai ainda, o aumento na densidade de sauás deve ser observado com cuidado, 
pois em longo prazo pode ter efeitos negativos para a população.  
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The structure of landscapes has been altered worldwide by intense human land use. In this 
scenario, it is essential to understand how landscape configuration and composition attributes 
have been changed and which of them influence the maintenance of biological processes. 
Here we evaluate the influence of configuration (density of forest patches and of forest edge 
density) and composition (forest cover) landscape attributes on the density of black-fronted 
titi monkeys (Callicebus nigrifrons) in a fragmented region in the northeast of São Paulo 
State, Brazil. We estimated the titi monkeys density in 14 forest patches, and measured the 
landscape attributes in a “landscape-patch” approach. We used a multi-model averaging 
approach to investigate the effect of landscape structure on titi monkeys density. As we 
expected, since primates are forest dependent species, forest cover (the composition landscape 
attribute) was more important to influence titi monkeys density than the configuration 
attributes. However, the landscape configuration had participation on this pattern, since forest 
cover influence was only observed when together with the effect of density of forest patches. 
The density of titi monkeys increased with the reduction in forest cover and with the increase 
of the number of forest patches within the landscape. In the short term after the disturbance, 
this landscape scenario may lead to a concentration of individuals in the remnants. But, this 
increase of animals density can also be promoted by other processes occurring under this 
landscape scenario, such as the reduction on predation rate. Therefore, we suggest that 
composition and configuration attributes probably have been acting in consonance on 
biological responses of species lo landscape modification. Moreover, the increase of primates 
density should be observed with cautions, because in the long term this situation can have a 
negative effect to the species population. 
 






 The intense human land use has been changing the landscapes worldwide over 
the centuries, threatening the biodiversity and influencing the ecological patterns and 
processes [Tabarelli et al., 2004; Tschartke et al., 2012; Ellis, 2013]. The natural vegetation 
has been thoroughly modified by fragmentation; a landscape process that, beyond habitat loss, 
leads to an increase in the number of patches, a decrease in patch size, and an increase in 
patch isolation [Andrén, 1994; Fahrig, 2003]. In this context, landscape structure vary in the 
type and amount of land cover patches (composition), and in their spatial arrangement 
(configuration) [Dunning et al., 1992; Gardner et al., 2009; Arroyo-Rodríguez & Fahrig, 
2014].  
The structure of the landscape influences the persistence of species in human-
modified landscapes [Fahrig, 2003]. Some review studies pointed that the landscape 
composition (habitat loss) has more influence on species biological responses than 
configuration (fragmentation per se) [Fahrig, 2003; Smith et al., 2009]. However, studies in 
tropical regions have shown the opposite pattern [Thornton et al., 2011; Garmendia et al., 
2013]. Additionally, a suggested habitat threshold hypothesis predicts that the effects of 
configuration attributes are evident only below 20-30% of forest cover in the landscape 
[Andrén, 1994; Fahrig, 2003]. Therefore, additional studies are necessary to better understand 
the species responses to landscape structure, in order to evaluate how ecological processes 
have been influenced by landscape change, especially considering their scale of effect to 
correct pattern interpretation [Jackson & Fahrig, 2015; Miguet et al., 2015, Chapter 2]. This 
approach is particularly necessary to improve management plans [Lindenmayer & Fischer, 
2007]. For instance, prioritizing the increment of forest cover when species is particularly 
vulnerable to habitat loss; or reducing isolation of forest remnants if populations are 
negatively affected by increasing fragmentation degree [Lindenmayer et al., 2006; Boyle & 
Smith, 2010]. 
General patterns are difficult to be detected, since each species are influenced 
differently to the variation of landscape structure [Wiens et al. 1993; Fischer & Lindenmayer, 
2007]. Landscape composition seems to be more important than configuration to forest 
dependent species [Carrara et al., 2015; Arroyo-Rodríguez et al., 2016], since they rely of 
forest resources, and thus of forest remnants cover [Michalski & Peres, 2005; Gouveia et al., 
2014]. Landscape changes can affect metapopulation dynamics and other ecological processes 





evaluate species status and population decline [Plumptre at al., 2013]. Here we aimed to 
evaluate the relative effects of landscape composition (i.e. forest cover in the landscape) and 
configuration (i.e. density of forest patches and forest edge density) on the density of black-
fronted titi monkeys (Callicebus nigrifrons) in a fragmented region in the northeast of São 
Paulo State, Brazil. Considering these landscape attributes, we intended to evaluate the effect 
of habitat loss, fragmentation per se, and the edge effect on C. nigrifrons population dynamics 
[Fahrig 2003; Ewers & Didham, 2006; Tscharntke et al., 2012]. We assessed these 
relationships considering the spatial scale of effect of each landscape attribute on biological 
response, improving our inferences and interpretation of landscape processes [Jackson & 
Fahrig, 2012; 2015]. 
The titi monkeys from genus Callicebus (following the new taxonomy proposed 
by Byrne et al., [2016]) are interesting species to test the primate response to landscape 
changes, because they are overspread in highly explored and populated regions of Brazil, 
from the northeast, in the Caatinga biome, to the southeast in the Atlantic Forest biome 
[Gouveia et al., 2015; Byrne et al., 2016]. Titi monkeys are small Neotropical primates (adult 
body mass 0.8–1.4 kg), predominantly frugivorous, that live in small family groups with 2 to 
6 individuals [Bicca-Marques & Heymann, 2013]. Primates species with diet relying on fruits 
are considered the most affected by landscape change [Boyle & Smith, 2010], but little is 
known about the titi monkeys ecological responses to landscape structure. To our knowledge, 
only two studies with Callicebus spp. explored titi monkeys occurrence in a landscape 
perspective [Silva et al., 2015; Gouveia et al., 2016], but none considering the spatial extent 
of the evaluated effects.  
As a forest dependent species, we hypothesized that landscape composition is 
more important to explain the population variation of titi monkeys than configuration [Carrara 
et al., 2015; Arroyo-Rodríguez et al., 2016]. Then, if habitat loss has a negative impact on titi 
monkeys population we expected that the density of titi monkeys decreases according to the 
reduction of forest cover within the landscape. This situation reflects the reduction in species 
diversity, especially the most sensitive such as frugivorous species [Fahrig, 2003; Boyle & 
Smith, 2010].  
 
METHODS 





This research adhered to the American Society of Primatologists (ASP) Principles 
for the Ethical Treatment of Non-Human Primates and Brazil’s legal requirements for 
conducting research with wild animals. 
 
Study area 
We studied 14 forest patches in the northeast of São Paulo State, Brazil (Fig. 1). 
The state is characterized by urban agricultural fragmented landscapes, with only 13% of their 
natural vegetation cover and remaining forest distributed mostly in very small forest patches 
(>80% smaller than 0.5 km²) [Joly et al., 2008; Ribeiro et al., 2009]. The size of the forest 
patches ranged from 0.25 to 3.41 km². Since the study area is a transition region between 
Atlantic forest and Brazilian Cerrado, we studied both vegetation types, comprising six focal 
patches of semideciduous Atlantic forest and eight of cerradão (woodland savanna [Oliveira 
& Marquis, 2002]).  
 
Figure 1. Location of the study sites in the northeast of São Paulo State, Brazil. Highlighted fragments 
represent the focal patches where titi monkeys density was evaluated. From the geographic center of 
each focal patch, we estimated the landscape structure in the respective landscape size of effect (see 







Landscape attributes  
We collected response variables (C. nigrifrons density) in focal forest patches and 
measured the explanatory variables (i.e. spatial attributes in this case) from surrounding 
landscape [following Arroyo‐Rodríguez & Fahrig, 2014], adopting a focal patch-landscape 
approach [sensu McGarigal & Cushman, 2002]. We produced land use cover maps of the 
landscape surrounding each focal patch, using satellite imagery from Google Earth© (June, 
2014) with 5 m of resolution. We mapped two types of land cover: forest and non-forest (Fig. 
2). Then, we calculated two metrics of landscape configuration (density of forest patches and 
forest edge density) and one of landscape composition (percentage of forest cover). The 
density of forest patches was calculated as the number of all forest patches within landscape 
divided by the total area of the landscape, and the forest edge density as the total perimeter 
length of all forest patches divided by the total area of landscape. Forest cover was calculated 
as the percentage of total area of forest patches. We considered forest patches as primary and 
secondary Atlantic forest and cerradão. We generated these maps by manual vectorization at 
a 1:10,000 scale, followed by visual classification, using Quantum GIS 2.0.1 software [QGIS 
Development Team, 2013]. 
We measured the landscape metrics in the landscape scale of greatest effect of 
each variable, determined previously [Chapter 2]. Thus, we measured the density of forest 
patches and the percentage of forest cover within a buffer of 3,000 m (28.27-km² landscape 
size) around the centroid of each patch site, and the forest edge density within a buffer of 
1,168 m (4.29-km² landscape size) of each patch (Table 1). We calculated all the landscape 
metrics in Quantum GIS 2.0.1 software [QGIS Development Team, 2013] and ArcGis 10.2.2 
(free trial [ESRI, 2014]) software with the V-late plugin [2013]. 
We certified that the landscapes with focal patch composed by cerradão did not 
differ significantly from landscapes of focal patches composed by Atlantic Forest in density 
of forest patches (two-tailed unpaired t test: t=-0.98, P=0.35; in 28.27-km² landscape size), 
forest cover proportion (two-tailed unpaired t test: t=-0.49, P=0.64; in 28.27-km² landscape 
size), and forest edge density (two-tailed unpaired t test: t=-0.60, P=0.56; in 4.29-km² 
landscape size). Also, the landscapes metrics were not related to the size of focal patches: 
density of forest patches (correlation: r=-0.12, N=14; measured at 28.27-km² landscape size); 
forest cover proportion (correlation: r=0.06, N=14; measured at 28.27-km² landscape size); 









Figure 2. Spatial classification of the studied sites according to forest and non-forest cover. The 
letters correspond to those shown in Figure 1. The buffers (in gray) around the geographic center of 
each focal patch, represents the two differently sized landscapes in which the predictors were 
measured (4.29 and 28.27 km², see the text for details). 
 
 




Mean ± SD Range 
Forest edge density (m/km²) 4.29 km² 2,083 ± 1,187 1,051-5,039 
Density of forest patches (n/km²) 28.27 km² 0.7 ±0.2 0.2-1.1 







Primate data collection 
We surveyed 11 forest patches were the presence of Callicebus nigrifrons were 
already known to estimated titi monkeys density. We also included in the analysis three more 
patches were C. nigrifrons were absent (density = 0), according to a previous study about 
primates occurrence in the study area [Chapter 3], thus completing the 14 studied forest 
patches.  
To estimate the titi monkeys density, we performed systematic surveys with 
playbacks to count the number of groups inside each patch, as described in Gestich et al. 
[2016; Chapter 1]. In this method, playbacks of titi monkeys’ long calls were used to 
stimulate counter calls to locate the groups. To elicit subjects’ vocal response, we used 1-min 
recordings of duets from C. nigrifrons, and tested previously, with three habituated wild 
groups far from the study area, the radius covered by the playback sessions (200 m). Thus, we 
traveled parallel tracks, from September 2014 to February 2015, performing playback sessions 
at every 400 m in order to cover all forest patch extent. We estimated the distance and 
direction of all vocal responses to the playback stimuli, mapped all registers, identified the 
groups, and calculated the groups density of C. nigrifrons dividing the number of groups by 
the patch size (see details in Gestich et al. [2016; Chapter 1]). The surveys were performed in 
the morning (from one hour after the sunrise to no more than five hours after), the period in 
which titi monkeys are normally more vocally active [Caselli & Setz, 2007; Bicca-Marques & 
Heymann, 2013]. To broadcast the stimuli we used an Anchor MiniVox loudspeaker 
(frequency response range: 100-15000 Hz, output power: 30 W, Maximum SPL: 109 db), 
which covers the frequency spectrum of C.nigrifrons vocalizations and reach the same levels 
of the natural emissions of species’ duets. Since we performed two distinct density estimate 
surveys in that study [Gestich et al., 2016], here we used the average of these two surveys as 
the estimate of titi monkeys density to test our hypothesis.  
 
Statistical analysis  
In order to test if landscape configuration or landscape composition attributes 
influence on C. nigrifrons density, we used multiple regression analyses with generalized 
linear models, in a multi model averaging approach [Crawley, 2007; Burnham & Anderson, 
2002]. We fixed a Gaussian distribution after verifying that response variable showed a 
normal distribution (Shapiro–Wilk test: W=0.94, P=0.40). To avoid multi-collinearity 





each predictor [Neter at al., 1996] using the package “car” for R version 3.3.0 [R Core Team, 
2016]. All VIF values were lower than 2 (ranging from 1.02 to 1.34), suggesting 
independence among predictors [Neter et al., 1996]; therefore, we could include all three 
landscape variables in the set of models (all possible combination of the predictorsd the null 
model).  
We ranked the models based on the Akaike’s information criterion corrected for 
small samples (AICc). We also summed wi of ranked models until the total was >0.95, which 
represents the set of models that best explain the titi monkeys density variation [Whittingham 
et al., 2005]. The model with the lowest AICc was considered the most plausible [Neter et al. 
1996]. The set of models with a difference between its AICc and the best model AICc 
(ΔAICc) < 2 have equivalently strong empirical support and are considered equally plausible 
models [Burnham & Anderson, 2002]. The relative importance of each predictor was 
evaluated with the sum of Akaike weights (Σwi) of each candidate model in which each 
predictor appeared [Whittingham et al., 2005]. Model-averaged parameter estimates and their 
unconditional variances were calculated from the 95% confidence set of models to assess the 
association between each predictor and the response variable [Burnham & Anderson, 2002]. 
Therefore, we considered that a given spatial attribute was an important explanatory variable 
for the response variable if: (i) it showed a high sum of Akaike weights (i.e. considering each 
candidate model in which it appeared); and (ii) the model-averaged unconditional variance 
was lower than the model-averaged parameter estimate [Burnham & Anderson, 2002]. Also, 
we considered the percentage of deviance explained by the complete model as the measure of 
the goodness of fit (explained deviance by the complete model x 100/ deviance explained by 
the null model) [Crawley, 2007].  
We performed all analyses in R software version 3.3.0 [R Development Core 




Titi monkeys density ranged from 0 to 12 groups/km² (mean: 5 ± SD 4 
groups/km²) in the 14 forest patches, and had a strong association with the landscape 
attributes evaluated (explained deviance of the complete model = 68.7%). In general, titi 
monkeys density was negatively related to forest cover and positively to density of forest 





low (Fig. 3) and this predictor did not contribute to the most plausible model (Table 2, Fig. 3). 
Besides, in spite of the density of forest patches contributes to the most parcimonious model, 
this predictor showed a high variability in its response (unconditional variance higher than the 
parameter estimates) according to the other predictor variables (Table 2), thus the influence of 




Figure 3. Predictor variables included in the ΔAICc < 2 set of models (black bars) and in 95% set of 
models (gray bars) for Callicebus nigrifrons density in the northeast of São Paulo State, Brazil. The 
importance of each variable is shown by the sum of Akaike weights (Σ wi). The sign (+/-) of Akaike 
weights represents the effect (positive or negative) of each predictor on titi monkeys density based on 
the model-averaged parameters. Predictors: DP (density of forest patches), FC (forest cover) and ED 
(forest edge density). Values with an asterisk indicate cases where the unconditional variance was 
smaller than the model-averaged parameter estimates. On the right side, the scatterplots of 

















Table 2. Results of information-theoretic-based model selection and multi-model inference for 
landscape-level titi monkeys density. Detailing the set of models for which Akaike weight (wi) >0.95 
and the values of model-averaged parameter estimates (β) and unconditional variance (UV). The most 








AICc ΔAICc wi 
1 X X 
 
75.24 0.000 0.727 





80.54 5.300 0.051 
4 X 
 
X 81.29 6.057 0.035 
5 X 
  
82.18 6.944 0.023 
       
β 8.872 -0.256* -0.0002*   
Σ wi = 
0.957 




*Values with an asterisk indicate cases in which the unconditional variance was smaller than 
the model-averaged parameter estimates, suggesting safety interpretation of β [Burnham & 
Anderson, 2002].  
X indicates variable inclusion in each individual model. 




Corroborating our hypothesis, the landscape composition attribute, forest cover, 
was more important than configuration on influence C. nigrifrons density. However, the effect 
of forest cover alone was not noteworthy, since the predictive power of the model with singly 
effect of forest cover was low (Table 2). The effect of forest cover is affected by the effect of 
density of forest patches, i.e. when the landscape had lower percentage of forest cover and 
also high density of forest patches, titi monkeys showed an increased density in the focal 
patches. Therefore, we suggest that habitat loss affects titi monkeys density reinforced by the 
degree of remnants fragmentation.  
The current scenario of landscape change by human land use leads to a process 
that includes both habitat loss and fragmentation [Dunning et al., 1992; Andrén, 1994; Fahrig, 
2003]. Because the natural vegetation is suppressed, the importance of landscape composition 
attributes seem to become more evident to forest dependent species [Carrara et al., 2015; 
Arroyo-Rodríguez et al., 2016], as we also evidenced regarding titi monkeys density. 
However, as highlighted by the influence of density of forest patches on titi monkeys density 
at the same time of forest cover, the position and the quantity of habitat patches also have a 
strong importance for the ecological responses [Thornton et al., 2011; Garmendia et al., 





different between two landscapes of the same size and equal proportion of forest cover if in 
one of them the forest patches are aggregated and in the other one they are randomly scattered 
in the landscape [Hanski, 2015]. Additionally, it is proposed that this landscape configuration 
effect may be more evident when the habitat cover within the landscape is too low [Andrén, 
1994; Fahrig, 2003], such as the current scenario of our study area (Table 1, Fig. 2) 
[Martinelli & Filoso, 2008; Ribeiro et al., 2009]. Therefore, we reinforce that not only the 
habitat amount in the landscape is important to influence species persistence as predicted by 
Fahrig [2013], at least in landscapes with habitat cover below a certain habitat threshold 
[Andrén, 1994]. For primates, there are a few opposite findings about the influence of 
configuration and composition attributes, in which some species are influenced by: both 
configuration and composition attributes [Alouatta palliata: Anzures‐Dadda & Manson, 2007; 
Arroyo-Rodríguez et al., 2008; Ateles geoffroyi: Thornton et al., 2011]; configuration only 
[Alouatta pigra: Arroyo-Rodríguez et al., 2013]; or none of them [Alouatta pigra: Thornton et 
al., 2011]. We suggest that composition and configuration probably have been acting in 
consonance [Smith et al., 2009], but according to the mosaic and historical properties of the 
landscape summed to the species ability to transit among forest patches [Gardner et al., 2009].  
In the studied landscape, the density of titi monkeys increased with the reduction 
in forest cover and the increase of density of forest patches. The low forest cover divided in 
several forest remnants results in small and isolated forest patches [Andrén, 1994; Fahrig, 
2003], limiting inter-patch movements [Ewers & Didham, 2006; Tscharntke et al., 2012]. In 
this scenario, in a short term after a disturbance, the animals can refuge in the remnants, being 
concentrated and living in high density [Tscharntke et al., 2012]. Moreover, other factors can 
contribute to the increase of animals density in forest patches within deforested landscapes, 
such as: the low density of predators [Terborgh et al., 2001; Chiarello, 2003]; the use of 
alternative resources, such as from lianas and secondary vegetation prolifered in small 
remnants [Cristóbal-Azkarate et al., 2005; Nagy-Reis, 2016]; and dietary changing to non-
preferred items or supplementation with resources from the matrix [Dunning et al., 1992]. 
Therefore, studies to evaluate these factors are needed to better understand how C. nigrifrons 
are dealing with habitat alteration. 
The pattern of density increase with landscape change was also found to howler 
monkeys [Estrada et al., 2002; Arroyo-Rodríguez et al., 2013b]. However, the high density of 
primates can have negative consequence for a population in the long term, because animals 





higher endoparasite loads [Arroyo-Rodríguez & Dias, 2010; Marsh et al., 2013]. For instance, 
the highest titi monkeys density registered in this study (12 groups/km²) is about 2.4 times 
more than that estimated to a protected area (Serra do Japi: 350-km² remnant total area) by 
Caselli et al. [2015]. It may represent that in this crowded forest patches titi monkeys are not 
living in ideal conditions. Therefore, although in the first view titi monkeys seem to be 
tolerant to landscape forest reduction, in the long term it may result in population decay and 
local extirpation of the species [Cowlishaw 1999; Laurance et al., 2008; Arroyo-Rodríguez & 
Dias, 2010; Tscharntke et al., 2012]. Thus, this increment in the number of inviduals per area 
within landscapes under intense habitat loss has to be observed with cautions. Currently, the 
vegetation of São Paulo State is represented by only 13% of original coverage [Joly et al., 
2008], mostly sparsed in small remnants [80% < 50 ha, Ribeiro et al., 2009]. Therefore, 
efforts have to be devoted to increase forest cover to the maintenance and recovery of regional 
biodiversity. Since we found that forest cover has stronger influence on population density, 
but this effect is potentiated by the degree of partitioning of the fragments, we suggest that 
management plans should design the reforestation locations improving the connectivity 
among remnants, such as by implementing forest corridors, in order to reduce the number of 
isolated forest patches [Lindenmayer et al., 2006; Boyle & Smith, 2010].  
 
ACKNOWLEDGMENTS 
We are grateful to the landowners for granting permission to collect data on their 
properties. We also thank the Empresa Brasileira de Pesquisa Agropecuária and the Forest 
Institute of the State of São Paulo Environment Department for the permission to conduct our 
research in remnants from Embrapa Agropecuária Sudeste and Parque Estadual de 
Vassununga, respectively. This research was funded by São Paulo Research Foundation 
(FAPESP #2012/14245-2). We also received field equipment from Idea Wild.  
 
REFERENCES 
Andrén H. 1994. Effects of habitat fragmentation on birds and mammals in landscapes with 
different proportion of suitable habitat: a review. Oikos 71:340-346. 
Anzures‐Dadda A, Manson RH. 2007. Patch and landscape scale effects on howler monkey 
distribution and abundance in rainforest fragments. Animal Conservation 10:66-77. 
Arroyo-Rodríguez V, Dias PAD. 2010. Effects of habitat fragmentation and disturbance on 





Arroyo‐Rodríguez V, González‐Perez IM, Garmendia A, Solà M, Estrada A. 2013b. The 
relative impact of forest patch and landscape attributes on black howler monkey 
populations in the fragmented Lacandona rainforest, Mexico. Landscape Ecology 28:1717-
1727. 
Arroyo‐Rodríguez V, Fahrig L. 2014. Why is a landscape perspective important in studies of 
primates? American Journal of Primatology 76:901-909. 
Arroyo‐Rodríguez V, Rojas C, Saldaña-Vázquez RA, Stoner KE. 2016. Landscape 
composition is more important than landscape configuration for phyllostomid bat 
assemblages in a fragmented biodiversity hotspot. Biological Conservation. 
Bicca-Marques JC, Heymann EW. 2013. Ecology and behavior of titi monkeys (genus 
Callicebus). In: Veiga LM, Barnett A, Ferrari SF, Norconk M, editors. Evolutionary 
Biology and Conservation of Titis, Sakis, and Uacaris. 1ªed. Cambridge, UK: Cambridge 
University Press. p 196-207. 
Boyle SA, Smith AT. 2010. Behavioral modifications in northern bearded saki monkeys 
(Chiropotes satanas chiropotes) in forest fragments of central Amazonia. Primates 51:43–
51. 
Burnham KP, Anderson DR. 2002. Model selection and multimodel inference: A practical 
information - theoretical approach. Colorado: Springer. pp. 488. 
Byrne H, Rylands AB, Carneiro JC, et al. 2016. Phylogenetic relationships of the New World 
titi monkeys (Callicebus): first appraisal of taxonomy based on molecular evidence. 
Frontiers in Zoology 13:10. 
Calcagno V, Mazancourt C. 2010. Glmulti: an R package for easy automated model selection 
with (generalized) linear models. Journal of Statistical Software 34:1-29. 
Carrara E, Arroyo-Rodríguez V, Veja-Rivera JH, et al. 2015. Impact of landscape 
composition and configuration on forest specialist and generalist bird species in the 
fragmented Lacandona rainforest, Mexico. Biological Conservation 184:117-126. 
Chiarello AG. 2003. Primates of the Brazilian Atlantic forest: the influence of forest 
fragmentation on survival. In: Marsh LK, editor. Primates in fragments: ecology and 
conservation. Kluwer Academic/Plenium Publishers, New York, pp 99–121. 
Collinge SK, Forman RTT. 1998. A conceptual model of land conversion processes: 






Cowlishaw G. 1999. Predicting the pattern of decline of african primate diversity: an 
extinction debt from historical deforestation Conservation Biology 13:183–1193. 
Crawley, M. 2007. The R book. John Wiley and Sons, Chichester. 942 pp. 
Cristóbal-Azkarate J, Vea J, Asensio N, Rodríguez-Luna E. 2005. Biogeographical and 
floristic predictors of the presence and abundance of mantled howlers (Alouatta palliata 
mexicana) in rainforest fragments at Los Tuxtlas, Mexico. American Journal of 
Primatology 67:209–222. 
Dunning JB, Danielson BJ, Pulliam HR. 1992. Ecological processes that affect populations in 
complex landscapes. Oikos 65:169-175. 
Ellis EC. 2013. Sustaining biodiversity and people in the world’s anthropogenic biomes. 
Current Opinion in Environmental Sustainability 5:368-372. 
ESRI (Environmental Systems Resource Institute). 2014. ArcMap 10.2.2 for Desktop. ESRI, 
Redlands, California. Free trial. 
Estrada A, Mendoza A, Castellanos L, Pacheco R, Van Belle S, García Y, Muñoz D. 2002. 
Population of the black howler monkey (Alouatta pigra) in a fragmented landscape in 
Palenque, Chiapas, Mexico. American Journal of Primatology 58:45–55. 
Ewers RM, Didham RK. 2006. Confounding factors in the detection of species responses to 
habitat fragmentation. Biological Reviews 81:117-142. 
Fahrig L. 2003. Effects of habitat fragmentation on biodiversity. Annual Review of Ecology 
Evolution and Systematics 34:487-515. 
Fischer J, Lindenmayer DB. 2007. Landscape modification and habitat fragmentation: a 
synthesis. Global Ecology and Biogeography 16:265–280. 
Gardner TA, Barlow J, Chazdon R, et al. 2009. Prospects for tropical forest biodiversity in a 
human-modified world. Ecology Letters 12:561-582. 
Garmendia A, Arroyo‐Rodríguez V, Estrada A, Naranjo E, Stoner KE. 2013. Landscape and 
patch attributes impacting medium‐ and large‐sized terrestrial mammals in a fragmented 
rain forest. Journal of Tropical Ecology 29:331–344. 
Gestich CC, Caselli CB, Nagy-Reis MB, Setz EZF, Cunha RGT. Estimating primate 
population densities: the systematic use of playbacks along transects in population surveys. 
American Journal of Primatology (in press). 
Gouveia SF, Villalobos F, Dobrovolski R, Beltrão-Mendes R, Ferrari SF. 2014. Forest 
structure drives global diversity of primates. Journal of Animal Ecology 83(6):1523-1530. 





Hanski I. 2015. Habitat fragmentation and species richness. Journal of Biogeography 42:989-
994. 
Jackson HB, Fahrig F. 2012. What size is a biologically relevant landscape? Landscape 
Ecology 27:929–941. 
Jackson HB, Fahrig F. 2015. Are ecologists conducting research at the optimal scale? Global 
Ecology and Biogeography 24:52–63 
Joly CA, Casatti L, Brito MCW, et al. 2008. Histórico do Programa BIOTA/FAPESP - O 
Instituto Virtual da Biodiversidade In: Diretrizes para a conservação e restauração da 
biodiversidade no estado de São Paulo. São Paulo, SP: Programa BIOTA/FAPESP. p 45-
55. 
Laurance WF, Laurance SG, Hilbert DW. 2008. Long-term dynamics of a fragmented 
rainforest mammal assemblage. Conservation Biology 22:1154-1164. 
Lindenmayer DB, Franklin JF, Fischer J. 2006. General management principles and a 
checklist of strategies to guide forest biodiversity conservation. Biological Conservation 
131:433-445. 
Martinelli LA, Filoso S. 2008 expansion of sugarcane ethanol production in Brazil: 
environmental and social challenges. Ecological Applications 18(4):885-898. 
Marsh LK, Chapman CA, Arroyo‐Rodríguez V, et al. 2013. Primates in fragments 10 years 
later: once and future goals. In: Marsh LK, Chapman CA, editors. Primates in fragments: 
complexity and resilience. Developments in primatology: progress and prospects. New 
York, NY: Springer. p 503-523.  
McGarigal K, Cushman SA. 2002. Comparative evaluation of experimental approaches to the 
study of habitat fragmentation effects. Ecological Applications 12:335–345. 
Metzger JP. 2009. Conservation issues in the Brazilian Atlantic forest. Biological 
Conservation 142:1138–40. 
Michalski F, Peres CA. 2005. Anthropogenic determinants of primate and carnivore local 
extinctions in a fragmented forest landscape of southern Amazonia. Biological 
Conservation 124:383-396. 
Miguet P, Jackson HB, Jackson ND, Martin AE, Fahrig L. 2015. What determines the spatial 
extent of landscape effects on species? Landscape Ecology 1-18 
Nagy-Reis MB, Setz EZF. 2016. Foraging strategies of black-fronted titi monkeys (Callicebus 






Neter J, Kutner MH, Nachtsheim CJ, Wasserman W. 1996. Applied linear statistical models, 
fourth ed. Irwin, Chicago.  
Oliveira PS, Marquis RJ. 2002. The cerrados of Brazil. Ecology and natural history of a 
neotropical savanna. New York: Columbia University Press. 398 p. 
Plumptre AJ, Sterling EJ, Buckland ST. 2013. Primate census and survey techniques. In: 
Sterlig EJ, Bynum N, Blair ME, editors. Primate Ecology and Conservation: A Handbook 
of Techniques. First Edition. Oxford: Oxford University Press. p. 10-26. 
QGIS Development Team, 2013. QGIS Geographic Information System. 2.0.1-Dufour Open 
Source Geospatial Foundation Project. Available at the following web site: 
http://qgis.osgeo.org 
R Development Core Team. 2016: R: A Language and Environment for Statistical 
Computing. R Foundation for Statistical Computing, Vienna, Austria.URL http://www.R-
project.org/. 
Ribeiro MC, Metzger JP, Martensen AC, Ponzoni FJ, Hirota MM. 2009. The Brazilian 
Atlantic Forest: How much is left, and how is the remaining forest distributed? 
Implications for conservation. Biological Conservation 142:1141-1153. 
Shida CN. 2005. Caracterização física do cerrado Pé-de-Gigante e uso das terras na região. 
Evolução do uso das terras na região. In: Pivello VR, Varanda E, editors. O Cerrado Pé-de-
Gigante. Parque Estadual de Vassununga: Ecologia e Conservação. SEMA, São Paulo. p 
29-42. 
Silva LG, Ribeiro MC, Hasui E, Costa CA, Cunha RGT. 2015. Patch size, functional 
isolation, visibility and matrix permeability influences Neotropical primate occurrence 
within highly fragmented landscapes. PLoS ONE 10(2):e0114025. 
doi:10.1371/journal.pone.0114025 
Smith CA, Koper N, Francis CM, Fahrig L. 2009. Confronting collinearity: comparing 
methods for disentangling the effects of habitat loss and fragmentation. Landscape Ecology 
24:1271-1285.  
Tabarelli M, Silva JMC, Gascon C. 2004. Forest fragmentation, synergisms and the 
impoverishment of neotropical forests. Biodiversity and Conservation 13:1419-1425. 
Terborgh J, López L, Nuñez P, Rao M, Shahabuddin G, OrihuelaG, Riveros M, Ascanio R, 
Adler GH, Lambert TD, Balbas L. 2001. Ecological meltdown in predator-free forest 





Thornton DH, Branch LC, Sunquist ME. 2011. The relative influence of habitat loss and 
fragmentation: do tropical mammals meet the temperate paradigm? Ecological 
Applications 21:2324–2333. 
Tscharntke T, Tylianakis JM, Rand TA, et al. 2012. Landscape moderation of biodiversity 
patterns and processes – eight hypotheses. Biological Reviews 87:661-685. 
Uezu A, Metzger JP. 2016. Time-lag in responses of birds to Atlantic Forest fragmentation: 
restoration opportunity and urgency. PLoS ONE 11(1): e0147909. 
V-LATE. 2013. Vector-based Landscape Analysis Tools Extension for ArcGIS 10 2.0 beta. 
Available at the following web site: https://sites.google.com/site/largvlate/gis-tools/v-late 
Whittingham MJ, Swetnam RD, Wilson JD, Chamberlain DE, Freckleton RP. 2005. Habitat 
selection by yellowhammers Emberiza citronella on lowland farmland at two spatial 
scales: implications for conservation management. Journal of Applied Ecology. 42:270-
280. 
Wiens JA, Stenseth NC, VanHorne B, Ims RA. 1993. Ecological Mechanisms and Landscape 





CAPÍTULO 5:  
“INFLUÊNCIA DA ESTRUTURA DA PAISAGEM NO COMPORTAMENTO DE 
DEFESA DE RECURSOS POR SAUÁS (Callicebus nigrifrons): EVIDÊNCIAS DE 
RESPOSTAS VOCAIS À SIMULAÇÃO DE INTRUSOS” 
 
RESUMO 
A crescente ocupação do solo pelas atividades humanas tem modificado as paisagens levando 
à fragmentação e perda de hábitat. Recentemente, estudos têm focado em compreender as 
respostas das espécies às mudanças da paisagem, ampliando o conhecimento sobre os 
processos ecológicos que afetam a manutenção das espécies em paisagens modificadas. 
Entretanto, sabemos pouco sobre como as mudanças da paisagem afetam o comportamento 
das espécies e as interações intraespecíficas. Neste estudo, nós avaliamos se o comportamento 
vocal de sauás (Callicebus nigrifrons) em resposta à simulação de intrusos é influenciado 
pelos atributos da paisagem (cobertura florestal e densidade de fragmentos florestais). Nós 
assumimos que o comportamento vocal dos sauás reflete uma mudança em seu 
comportamento de defesa de recursos. Nós sistematicamente reproduzimos playbacks em 
cada fragmento florestal, e registramos: a latência média até a primeira resposta vocal; a 
duração média dos turnos de respostas; o número médio de vocalizações emitidas por cada 
grupo; e a duração média das vocalizações. Então, combinamos essas quatro respostas em 
uma variável composta (score de resposta vocal) e relacionamos com a densidade local de 
sauás para descontar o conhecido efeito da densidade populacional no comportamento 
competitivo. Em seguida, usamos os resíduos dessa relação para testar a influência dos 
atributos da paisagem. Primeiramente, medimos a força da relação entre cada variável da 
paisagem e os resíduos do comportamento vocal em dez diferentes tamanhos de paisagem 
(0.2 - 28.3 km²), para medir a escala de efeito de cada variável. Após isso, concorremos 
modelos incluindo as duas variáveis da paisagem, medidas em sua escala de efeito, como 
variáveis preditoras e os resíduos da relação entre a densidade de sauás e o comportamento 
vocal como variável resposta. A resposta vocal foi forte e positivamente relacionada com a 
cobertura florestal da paisagem. Nós concluímos que a resposta vocal dos sauás é afetada pela 
disponibilidade de recursos florestais da paisagem. Portanto, o comportamento de defesa de 
recursos é afetado por processos ocorrendo na escala de paisagem. 
 
Palavras-chave: dependência espacial, fragmentação, playback, perda de habitat, 
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The increasing human land use has continuously modified landscapes through habitat loss and 
fragmentation. Recently, studies have focused on understanding species’ responses to 
landscape changes, improving our knowledge about the ecological processes that affect 
species maintenance in human-modified landscapes. However, we still do not know much 
about how landscape changes affect species behavior and intraspecific interactions. Here, we 
evaluated if vocal behavior of black-fronted titi monkeys (Callicebus nigrifrons) in response 
to simulated intruders is influenced by landscape attributes (forest cover and density of forest 
patches). We assume that titi monkeys’ vocal behavior intensity reflect a shift in their 
resource defense behavior. We systematically broadcasted playbacks throughout each forest 
patch, and computed the mean latency to the first group counter-call; the mean duration of the 
response bouts; the mean number of calls that each group emitted in response; and the mean 
duration of the calls. Then, we combined all this four responses in one composite response 
variable (vocal response score), and related it to local titi monkeys density to discount the 
known effect of population density in competition behavior. After that, we used the residuals 
from this relationship to test the influence of landscape attributes. Firstly, we measured the 
strength of relationship between each landscape variable and these residuals of vocal behavior 
within 10 different landscape sizes (0.2 to 28.3 km²) to find the scale of effect of each 
variable. Then, we compared all combinations of models including both landscape variables 
(null model included) measured at their scale of effect, as predictors, and the residuals of 
vocal behavior as response variable. We found that the vocal response was strongly and 
positively influenced by the forest cover in the landscape. We concluded that the vocal 
behavior of titi monkeys is affected by the availability of forest cover in the landscape nearby 
the forest patch where they inhabit. Therefore, resource defense behavior of titi monkeys has 
been affected by process occurring at a landscape scale. 
 
 







Landscapes have been increasingly modified by the intense human land use 
worldwide [Ellis, 2013; Riitters et al., 2016], affecting biodiversity due to reduction and 
fragmentation of the vegetation remnants [Fahrig, 2003; Gardner et al., 2009; Gibson et al., 
2011; Haddad et al., 2015]. Research efforts have been devoted to study species’ responses to 
landscape changes, in order to better comprehend how ecological processes affect species 
maintenance in human-modified landscapes [Fahrig et al., 2011; Tscharntke et al., 2012]. The 
landscape fragmentation process can promote the decrease in forest patch size, increase in 
edge length, and the reduction of suitable habitat amount [Fahrig, 2003]. In this scenario, the 
border proportion of forest patches under edge effects (altered by external factors) in relation 
to core area is increased [Ewers & Didham, 2006]. The alterations of forest edges include 
altered microclimatic conditions [Tuff et al., 2016], increased tree mortality, and reduced 
amount of large trees [Laurance et al., 1997, 2000], which in turn lead to a proliferation of 
light-demanding lianas and pioneer trees [Oliveira et al., 2004; Santos et al., 2008; Tabarelli 
et al., 2010; Rocha-Santos et al., 2016]. As a consequence of all physical and dynamics 
changes on forest patches, the remnants within fragmented landscapes can suffer a biotic 
homogenization due to a reduction in the diversity of plant reproductive traits, an increase in 
species similarity, and loss of functional diversity [Girão et al., 2007; Lôbo et al., 2011]. In 
this scenario of possibly shortage of resources, intraspecific competition may be increased 
[Carpenter & Macmillen, 1976; Maher & Lott, 2000].  
Considering the case of competition through resource defense, the economy 
theory predicts that the animal will adopt defensive behavior when critical resources for 
species survival are limited and can be economically defended [Brown, 1964; Carpenter & 
Macmillen, 1976]. In this sense, the costs involved in resource defense must be compensated 
by the gains resulting from this behavior, and so it is not compensatory expend energy to 
defend a resource when its availability is too low, or also when the resources available are not 
limited [Brown, 1964; Carpenter & Macmillen, 1976; Schoener, 1983; Grant, 1993]. 
However, how behavior is influenced by processes occurring at landscape scales is still 
unknown. To primates species, known by their dependence on forest resources, it have been 
reported the change in the dietary and the display of uncommon behaviors, such as feeding 
and traveling on the ground, by individuals living in small patches [Cristóbal‐Azkarate & 
Arroyo‐Rodríguez, 2007; Pozo-Montuy & Serio-Silva, 2007]. Under landscape perspective 





were influenced by landscape structure, mainly by the proportion of forest cover. Spider 
monkeys increased leaves consumption and resting behavior within landscapes with lower 
forest cover proportion [Ordóñez-Gomez et al., 2015]. Here, we evaluated if the vocal 
behavior related to resource defense of black-fronted titi monkeys (Callicebus nigrifrons) to 
simulated intruders were influenced by landscape structure. As landscape attributes, we 
measured forest cover and density of forest patches, the first one to evaluate the influence of 
habitat loss and the latter the fragmentation per se, on resourse defense behavior of C. 
nigrifrons.  
Titi monkeys [recently divided in three genera; Callicebus, Cheracebus, and 
Plecturocebus; Byrne et al., 2016] are small Neotropical primates (adult body mass 0.8–1.4 
kg), predominantly frugivorous, that live in small family groups comprised of a mated pair 
and 1-3 offspring [Bicca-Marques & Heymann, 2013]. The mated pair performs coordinated 
emissions of loud calls (duets), sometimes joined by the young in chorus, usually associated 
with resource defense and territoriality [Robinson, 1979; Caselli et al., 2014; 2015]. In 
addition, a previous study also showed that Callicebus nigrifrons emitted loud calls more 
frequently in periods of the year with higher resources availability [Caselli et al., 2014]. In 
this sense, we hypothesized that, if forest resources availability present throughout the 
landscape influence the resource defense behavior, the vocal response of titi monkeys to 
simulated intruders is lower within landscapes with higher degree of fragmentation and 
habitat loss. This pattern could be expected because in this scenario forest resources in the 
landscape scale are scarce, since forest cover is reduced and the remnant vegetation is altered 
[Laurance et al., 1997; Fahrig, 2003; Oliveira et al., 2004; Lôbo et al., 2011; Rocha-Santos et 
al., 2016]. Therefore, considering that changes on titi monkeys’ vocal behavior may reflect a 
shift in their resource defense behavior, we expected that vocal response to simulated 
intruders would be lower within landscapes with reduced forest cover and increased density of 
forest patches, since the availability of forest resources would be reduced and the costs in 
defense behavior would be higher than its benefits. It is noteworthy that, since the animals 
density is known to contribute to resources defense behavior, we excluded this effect to test 
landscape influence on titi monkeys’ vocal behavior. 
 
METHODS 





This research adhered to the American Society of Primatologists (ASP) Principles 
for the Ethical Treatment of Non-Human Primates and Brazil’s legal requirements for 
conducting research with wild animals. 
 
Study area 
We studied the vocal behavior of C. nigrifrons in 11 forest patches ranging from 
0.25 to 3.41 km² in the northeast of São Paulo State, Brazil. This study area is within a region 
of transition between semideciduous tropical forest (in the Atlantic Forest biome) and 
woodland savanna (known as cerradão) [Oliveira & Marquis, 2002]. Five of the forest 
remnants were characterized by the former vegetation type and six by the last. Nowadays, the 
natural vegetation of São Paulo State is restricted to only about 13% of its original coverage 
[Joly et al., 2008], forming a landscape with small forest patches [mostly smaller than 0.50 
km²; Ribeiro et al., 2009] inserted in a matrix dominated by agricultural crops [Martinelli & 
Filoso, 2008]. The region is characterized by a seasonal climate, with a milder and dry season 
from April to September, and a warm and wet season for the rest of the year [Martins, 1991]. 
We chose patches from similar size of both vegetation types (unpaired t-test: t = -1.24, df = 8 
P= 0.25) and at least 2.5 km apart from each other. The mean Euclidian distance between each 
focal forest patch and the nearest studied patch was 8.2 ± SD 6.5 km (range: 2.8-25.0 km). 
 
Figure 1. Location of the study area and the selected forest patches in the northeast of São Paulo State, 
Brazil. The buffers (in gray) around the geographic center of each focal patch, represents the 10 






Landscape attributes  
Landscape attributes were measured from the surrounding landscape using a focal 
patch-landscape approach [McGarigal & Cushman, 2002; Arroyo‐Rodríguez & Fahrig, 2014]. 
We calculated the variables within 10 different-sized radii (buffers) around the geographic 
center of each focal forest patch (Fig. 1). The smallest radius (252 m) corresponded to a 
landscape size of 0.20 km², which is the average home range size for Callicebus nigrifrons 
with standardized values to a mean group size of 4 individuals [Neri, 1997; Santos, 2008; 
Caselli & Setz, 2011; Caselli, 2013; Nagy-Reis & Setz, 2016]. The largest radius (3,000 m) 
corresponds to the maximum size (28.27-km² landscape) until a minimum overlap between 
landscapes, avoiding dependence issues among samples [Eigenbrod et al., 2011]. We placed 
the eight additional buffers between the largest and the smallest buffer, with equal increments 
of 305 m in radius length (Fig. 1). 
To generate land use cover maps of each landscape surrounding the focal patches, 
we used satellite imagery from Google Earth© (June, 2014) with 5 meters of resolution. We 
produced these maps by manual vectorization at a 1:10,000 scale, followed by visual 
classification, using Quantum GIS 2.0.1 software [QGIS Development Team, 2013]. We 
mapped the types of land-cover on each landscape as forest and non-forest. We then calculate: 
percentage of forest cover; and density of forest patches (the number of forest patches divided 
by landscape area). In all cases ‘forest’ refers to primary or secondary remnants of Atlantic 
Forest or cerradão. We calculated all the landscape metrics in Quantum GIS 2.0.1 software 
[QGIS Development Team, 2013] and ArcGis 10.2.2 (free trial [ESRI, 2014]) software with 
the V-late plugin [2013]. 
 
Primate data collection 
We collected the data on titi monkeys vocal responses to playback stimuli during 
part of the estimate density survey (from January to February 2015) conducted in the same 
study patches to determine the density of groups [Gestich et al., 2016; Chapter 1].  
 
Playback stimuli preparation 
To elicit subjects’ vocal response, we used two recordings of duets performed by 
a wild born captive couple of Callicebus nigrifrons. We edited the two recordings to last one 
minute, and removed background noise below 100 Hz using a bandpass filter [frequency 






Prior to the surveys, we conducted playback trials with three habituated wild 
groups at three forest remnants to test their response to the playback stimuli at different 
distances. Based on these trials we defined the radius covered by the playback sessions as 200 
m, the distance at which all three groups consistently responded to the stimulus [see details in 
Gestich et al., 2016; Chapter 1]. During the playback trials, we performed the playback 
sessions in the same way that they were performed in the surveys to estimate titi monkeys 
density and vocal behavior.  
 
Playback presentation  
Based on the distance determined in playback trials, in each forest patch we 
designed parallel tracks using a georeferenced satellite image and placed the playback session 
locations at every 400 m along these tracks (two times the radius covered by the playback), in 
order to cover all forest patch extent. Then, we walked the tracks from one end to the other, 
conducting the playback sessions consecutively at each location (average time between 
sessions = 32.8 ± SD 7.1 min, N= 145), in a way to register all titi monkeys groups in each 
fragment. At each playback session, we reproduced one recording twice, directing the 
loudspeaker to the four cardinal directions (15 s to each direction: N, E, S, W), with 5 min 
interval between each reproduction. We alternated the two recordings on consecutive 
playback sessions to minimize the influence of habituation to the stimuli. The surveys were 
performed in the morning (from one hour after the sunrise no more than five hours after), the 
period in which titi monkeys are normally more vocally active [Caselli & Setz, 2007; Bicca-
Marques & Heymann, 2013]. To broadcast the stimuli we used an Anchor MiniVox 
loudspeaker (frequency response range: 100-15000 Hz, output power: 30 W, Maximum SPL: 
109 db), which covers the frequency spectrum of C. nigrifrons vocalizations and reach the 
same levels of the natural emissions of species’ duets. 
 
Data collection 
To measure the vocal response to the playback stimulus simulating intruders, we 
registered in each playback broadcasting session: the number of groups counter-calling; the 
number of calls in response per group; the latency time from the playback broadcasting start 
to the first vocal response; and the time of beginning and end of each vocal response. When 





time interval between successive playback sessions), and the number of calls and the duration 
of vocal response as zero. Based on these data, to each forest patch we computed: (i) the mean 
latency to the first group counter-call to the stimulus; (ii) the mean duration of the response 
bouts (i.e. the time from the beginning of the first call from the first group to the end of the 
last call from the last group to a given broadcast session); (iii) the mean number of calls per 
broadcast session pondered by the number of groups that responded to each playback; and (iv) 
the mean duration of the calls. To determine the number of groups counter-calling, in each 
playback session we estimated the distance of all vocal responses to the playback stimuli and 
registered their direction in relation to the location of playback session with a compass. 
Differences locations of calls emissions were considered different groups. 
 
Statistical analysis  
Response measure 
To test the influence of landscape attributes on titi monkeys’ vocal response we 
first combined all four quantitative responses (latency to counter call, mean duration of vocal 
response, mean number of response calls, and mean call duration) in one composite response 
variable (vocal response score), following McGregor [1992]. For this, we used a principal 
component analysis (PCA, Fig. 2) based on correlation matrices among vocal behavior 
variables with forest patches as sample units. We choose the first unrotated principal 
component factor (PC1), which accounted for 80.9% of the variance (Eigenvalue = 3.24). We 
then extracted the PC1’s coefficient of each variable [as in Caselli et al., 2015] to calculate the 
vocal response score for each forest patch as follows: (0.94 x duration of response bouts) + (-
0.94 x latency to counter-call) + (0.98 x mean number of response calls) + (0.71 x mean call 
duration). Higher values of this combined response score indicate stronger reactions to 
playback stimuli.  
Because competition is a density-dependent interaction [Brown, 1964; Grant, 
1993], and, thus, the density of titi monkeys would have an influence on the pattern of groups 
response, we first performed a linear regression between the vocal response score and the 
density of titi monkeys in each forest patch, to evaluate this relationship. Groups density at 
each fragment (range: 1.8 - 12; N=11) was determined on previous systematic playback 
surveys of the study sites [available in Gestich et al., 2016]. As expected, the vocal response 
was positively related to the density of monkeys (F1,9 = 9.31, R
2
= 0.51, P = 0.014). Thus, we 





attributes on vocal response discounting the effect of groups density. Besides, we previously 
checked for a possible influence of the vegetation type of forest patches (Atlantic Forest or 
Cerradão) on the vocal response score (t-test = -1.10, df = 9, P = 0.30) and on the residuals of 
its relation with titi monkeys’ density (t-test = -0.68, df = 9, P = 0.51) to be sure that this patch 
variation did not influence our analyses.  
 
 
Figure 2. Principal Component Analysis based on correlation matrices among vocal behavior 
variables with forest patches as sample units. Latency: the mean latency to the first group counter-call 
to the stimulus; Calls duration: the mean duration of the calls; Bout duration: the mean duration of the 
response bouts; Number of calls: the mean number of calls per broadcast session pondered by the 
number of groups that responded to each playback 
 
Scale of effect of vocal response 
We also evaluated the spatial scale in which landscape variables better predicts 
the response variable to better infer about landscape structure influence on the behavior of 
individuals in the forest patches. Thus, we identified the best scale of effect of each landscape 
metric on titi monkeys’ vocal response (the residuals of the score) among the 10 landscapes 
sizes using generalized linear models (GLM) with Gaussian error, as recommended for 





identified the spatial scale with the greatest association (highest estimator of goodness of fit) 
between the vocal response variable and each predictor. As a measure of the goodness of fit of 
each model, we considered the percentage of deviance explained by the model (i.e. deviance 
explained by the model x 100 / deviance explained by the null model including only the 
intercept). Each landscape variable had its stronger effect in different spatial scales (Table 1). 
We also checked if landscape attributes measured at their scale of effect varied between 
landscapes with focal patch Atlantic Forest or Cerradão to be sure that this patch variation did 
not influence our analyses: forest cover t-test= -0.77, df = 9, P = 0.46; density of forest 
patches t-test= 0.13, df = 9, P = 0.90. 
 
Table 1. Landscape spatial attributes of the 11 studied sites in the northeast of São Paulo State, 
Brazil. ED: explained deviance of the relationship between the vocal response and each 




Mean ± SD Range ED 
Density of forest patches (n/km²) 4.29 km²  0.6 ± 0.3 0.2 – 0.9 28% 
Forest cover (%) 2.34 km² 46.5 ± 26.5 10.7 – 96.1 83% 
ED: explained deviance of the relationship between the vocal response and each 
landscape attribute in the scale of assessment. 
 
Data analysis 
We tested the influence of each landscape attribute on vocal response (the 
residuals of the response score) measured at its best scale of effect (Table 1) using generalized 
linear models (GLM) with a multi model averaging approach [Burnham & Anderson, 2002]. 
We fixed a Gaussian distribution after verifying that vocal response showed a Normal 
distribution (Shapiro–Wilk test: W=0.92, P=0.28). We then estimated the variance inflation 
factor (VIF) of each landscape attribute [Neter at al., 1996] using the package “car” for R 
version 3.3.0 [R Core Team, 2016], to verify the independence among predictors. As the VIF 
was 2.11, we did not have multi-collinearity problems [Neter et al., 1996], and both landscape 
variables were included in the models (all possible combination of the predictors, plus the null 
model). We ranked the models based on the Akaike’s information criterion corrected for 
small samples (AICc) and calculate their Akaike weight (wi) [Burnham & Anderson, 2002]. 
The model with the lowest AICc was considered the most plausible [Neter et al. 1996]. 
However, models with a difference in their AICc (ΔAICc) < 2 from the most parsimonious 
model are considered with equivalent empirical support [Burnham & Anderson, 2002]. 
Model-averaged parameter estimates (β) and their unconditional variance were calculated 





ranked models until the total was >0.95 [Burnham & Anderson, 2002]. In addition, the 
relative importance of each predictor was evaluated summing the Akaike weights (Σwi) of 
each candidate model in which the predictor was included within the 95% confidence set of 
models [Whittingham et al., 2005].  
We performed all analyses in R software version 3.3.0 [R Development Core 




We recorded during the surveys a total of 430 vocal responses, 1 ± 0.6 (mean ± 
SD) call per broadcast session pondered by the number of groups elicited, lasting on average 
58s ± SD 14s. The mean latency to the first group counter-call to the stimulus was 15min43s 
± SD 7min24s; and the mean duration of the response bouts was 4min30s ± SD 3min20s 
(Table 2). 
After discounting the effect of local groups density, titi monkeys vocal response 
had strong association with landscape attributes (explained deviance of complete model = 
86.5%). The percentage of forest cover was the landscape attribute that showed strongest, 
positive and significant influence on vocal response of titi monkeys (Table 3; Fig. 2). 
 
Figure 2. On the left, predictor variables included in the ΔAICc < 2 set of models (black bars) and in 
95% set of models (gray bars) for Callicebus nigrifrons vocal response to playback stimulus. The 
importance of each variable is shown by the sum of Akaike weights. The sign (+/-) of Akaike weights 
represents the effect (positive or negative) of each predictor on titi monkeys’ vocal response based on 
the model-averaged parameters. Predictors: DP (density of forest patches) and FC (forest cover). On 







Table 2. Measures of vocal responses from titi monkey groups to playback sitmulus in 11 forest fragments in the northeast of São 











Mean latency to 
the first group 
counter-call  
Mean duration 
of the response 
bouts  
Mean number of 





A 3.4 7.6 30 5'24" 7'48" 2.0 1'07" 
D 0.9 7.5 10 13'59" 4'06" 1.3 1'25" 
E 0.9 2.3 9 21'42" 2'32" 0.9 1'01" 
F  0.9 9.3 10 13'12" 2'54" 1.0 0'53" 
G 0.5 2.0 7 26'53" 0'06" 0.1 0'43" 
H 0.3 3.6 4 23'58" 0'09" 0.3 0'35" 
J 3.4 1.8 29 22'34" 2'05" 0.4 1'00" 
K 3.2 12.0 27 4'41" 10'28" 1.9 1'11" 
L 2.2 6.8 20 9'55" 5'03" 1.5 0'44" 
M 1.3 3.7 14 16'15" 6'48" 1.3 0'56" 
P 0.3 12.0 4 14'15" 7'28" 1.4 1'08" 






Table 3. Results of information-theoretic-based model selection and multi-model inference for 
landscape-level titi monkeys’ vocal response. Detailing the set of models for which Akaike weight (wi) 
sum >0.95 and the values of model-averaged parameter estimates (β) and unconditional variance 







AICc ΔAICc wi ED  
1 X 
 
149.43 0.00 0.773 82.6  
2 X X 151.89 2.46 0.226 86.5  
      
 
 
β 12.7* 86.9  Σ wi = 0.999  
UV 5.5 40726.3 
 
     
*Values with an asterisk indicate cases in which the unconditional variance was 
smaller than the model-averaged parameter estimates, suggesting safety 
interpretation of β [Burnham & Anderson, 2002].  
X indicates variable inclusion in each individual model. 
AICc: Akaike’s information criterion corrected for small sample size 
ED: explained deviance. 
 
DISCUSSION 
The vocal behavior of titi monkeys was affected by the availability of forest cover 
in the landscape nearby the forest patch where they inhabit. The emission of loud calls as 
duets or chorus by titi monkeys is a conspicuous characteristic of the species, with evidenced 
role in joint territorial defense, and other possible defense functions [Robinson, 1979; Caselli 
et al., 2014; 2015]. Thus, we feel confident to interpret the response of titi monkeys to 
playback stimuli as a result of its resource defense behavior. Moreover, we took caution to 
discount the influence of groups density on titi monkeys’ vocal response, because the number 
of potential competitors is one important factor determining the resource defense behavior 
[Brown, 1964; Grant, 1993]. Therefore, we could assign that the resource defense behavior of 
titi monkeys has been affected by process occurring at a landscape scale.  
The majority of studies about the influence of landscape structure on species’ 
behavior are focused on mobility and matrix permeability [Danielson & Hubbard, 2000; 
Jonsen & Taylor, 2000; Johnson et al., 2002; Tammero & Dickison, 2002; Long et al., 2005; 
Dickson, 2005; Rittenhouse & Semlitsch, 2006; Baguette & Van Dyck, 2007]. Few studies 
evaluated the effect of landscape change on other behavior patterns, but at patch scale 
[Tellería et al., 2001; Cristóbal‐Azkarate & Arroyo‐Rodríguez, 2007; Dunn et al., 2010; 
Chaves et al., 2011]. To our knowledge, only one study evaluated the landscape structure 
influence on diet and activity pattern of Ateles geoffroyi, and also found a negative impact of 
forest cover reduction on these behaviors [Ordóñez-Gómez et al., 2015]. Our findings show 





the processes involved in local patterns. We also suggest that behavioral responses are a good 
first measure to evaluate the impact of landscape changes, since behavioral and physiological 
adjustments are the first response to a new stressful scenario and the impact on population or 
community level has a time-lag to be observed [Ellis et al., 2012; Chapter 3; Chapter 4]. 
The intensity of vocal response of titi monkeys to the simulated intruders, after 
discounting the effect of groups density, decreased according to the reduction in the 
percentage of forest cover. The direct effect of habitat loss on forest resources availability is 
the reduction of forest quantity in the area. But, the availability of forest resources to forest 
dependent species may also be occurring by the alteration of vegetation structure and tree 
diversity of remnants where the species inhabit by the landscape modification [Laurance et 
al., 1997, 2000; Oliveira et al., 2004; Ewers & Didham, 2006; Girão et al., 2007; Santos et al., 
2008; Tabarelli et al., 2010; Lôbo et al., 2011; Rocha-Santos et al., 2016; Tuff et al., 2016]. 
Therefore, landscapes with low forest cover may present reduced resources availability to a 
forest specialist species, such as titi monkeys. In the context of resources economic 
defendability, the resource defense behavior is lower or absent when availability of resources 
decreases, according to the costs of defending the limited resource and the benefits acquired 
with exclusive access to it [Brown, 1964; Carpenter & Macmillen, 1976]. Accordingly, an 
increase in resource availability with the increment in forest cover in the landscape result in 
the increase of defensive response, since the gain can be compensated by the effort invested 
[Brown, 1964; Carpenter & Macmillen, 1976]. Therefore, we suggest that the positive 
relationship between forest cover and vocal behavior can be explained by the proposed 
positive correlation between availability of forest resources to titi monkeys and percentage of 
forest cover.  
The relatively small scale of effect found in the relationship between forest cover 
and titi monkeys’ vocal response (2.34 km², Table 1) indicates that the influence of forest 
cover on their behavior is related to the forest resources relatively near to the titi monkeys’ 
territory, in the focal patch or in the neighbor forest patches. In this sense, this pattern is 
influenced by local scale process. For instance, supplementation of resources from surround 
forest patches [Dunning et al., 1992] could be one strategy adopted titi monkeys to persist in 
modified landscapes. However, data on titi monkeys movement among forest patches need to 
be registered to confirm this suggestion. Indeed, the dynamics of primates’ movement 





A study in the same study area found that the forest reduction also influence C. 
nigrifrons population, by increasing their populational density in the forest patches [Chapter 
4]. In the present study we found that titi monkeys’ vocal behavior was lower in these same 
less forested landscapes, even though the titi monkeys density was higher. Therefore, 
probably the scarce resources availability added to high quantity of titi monkeys make the 
resources defense behavior not compensatory. This could be interpreted as a stressfull 
scenario, possibly without enough resources for all them. Living in high density may have a 
negative consequence to species persistence in the long term [Laurance et al., 2008; Arroyo-
Rodríguez & Dias, 2010; Tscharntke et al., 2012; Marsh et al., 2013]. Accordingly, titi 
monkeys population may decay in a few time. Therefore, plans incrementing forest cover 
should be implemented, in order to prevent local extirpation of titi monkeys from landscapes 
under intense landscape change and habitat loss. 
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Neste trabalho avaliamos como a estrutura da paisagem influencia as respostas 
biológicas dos primatas. Concluímos que o processo de modificação da paisagem os 
influencia fortemente, uma vez que o efeito da estrutura da paisagem sobre eles se deu em 
vários níveis, desde o comportamento até a composição de espécies.  
Primeiramente, reforçamos com nossos dados que é essencial a avaliação da 
escala de efeito das relações entre as variáveis de interesse e cada atributo da paisagem. Tanto 
a riqueza de espécies quanto a densidade de uma delas apresentaram diferentes escalas de 
efeitos de acordo com a variável da paisagem avaliada. As variáveis-resposta foram mais 
fortemente relacionadas com os atributos da paisagem em duas principais escalas (~100-430 
ha e >2,300 ha). Nesse sentido, ambas as respostas estudadas são influenciadas por processos 
ocorrendo em diferentes escalas da paisagem. Além disso, a maior escala de efeito encontrada 
foi maior do que as normalmente consideradas em outros estudos com primatas, evidenciando 
que alguns estudos podem estar deixando de considerar processos importantes nos padrões 
avaliados.  
A riqueza de espécies de primatas foi afetada pela estrutura da paisagem, mas 
também pelas características dos remanescentes florestais: a riqueza de espécies foi maior nos 
fragmentos compostos por Mata Atlântica e em paisagens com menor densidade de borda e 
menor proporção de cobertura florestal. A floresta semidecídua apresenta maior complexidade 
estrutural e diversidade florística [Coutinho, 1978; Martins, 1991; Forzza et al., 2002; 
Gouveia et al., 2014], o que poderia explicar a maior diversidade de especialistas florestais em 
uma mesma área, devido a menor sobreposição de recursos, tanto alimentares, território, sítios 
de descanso, entre outros. Ao contrário do esperado, o maior número de espécies foi 
encontrado nos fragmentos florestais inseridos nas paisagens com menor cobertura florestal. 
A baixa cobertura florestal representa menor quantidade de hábitat disponível e geralmente 
maior grau de isolamento dos remanescentes [Andrén, 1994; Ewers & Didham, 2006; Fahrig, 
2013]. Esse cenário aumenta a probabilidade de registro das espécies nos fragmentos 
florestais estudados, desde que esses remanescentes possuam as características adequadas 
para suportar as espécies em conjunto, como indicado pela importância das variáveis locais na 
riqueza de espécies.  
Dentre as espécies estudadas, os sauás (Callicebus nigrifrons) foram os mais 
presentes nos fragmentos amostrados, o que, sem uma avaliação cuidadosa, poderia sugerir 





populacionais da espécie, notamos que a densidade de sauás foi maior nos fragmentos 
florestais inseridos nas paisagens com menor cobertura florestal, e que também apresentava 
alto grau de fragmentação. Essa relação entre a diminuição da cobertura florestal juntamente 
com o aumento no número de fragmentos representa a diminuição dos tamanhos dos 
remanescentes florestais e o aumento do isolamento entre eles [Andrén, 1994; Ewers & 
Didham, 2006; Fahrig, 2013]. Num primeiro momento, os poucos remanescentes podem ser 
considerados um refúgio para os indivíduos, levando a uma concentração transiente de 
animais nos fragmentos [Tschartke et al., 2012]. Entretanto, viver em alta densidade pode 
representar um efeito negativo para a espécie, que em longo prazo pode levar ao declínio 
populacional e a extirpação local da mesma [Laurance et al., 2008; Arroyo-Rodríguez & Dias, 
2010]. Porém, a alta densidade de primatas também pode ser justificada por outros fatores que 
são alterados em paisagens sob intensa perda e fragmentação do hábitat, por exemplo: 
diminuição do número de espécies potenciais competidoras, menor densidade de predadores, 
adequação da dieta a recursos alternativos provenientes da borda alterada ou matriz [Dunning, 
1992; Terbogh et al., 2001; Chiarello, 2003; Cristóbal-Azkarate et al., 2005]. Dessa forma, tal 
padrão observado para a densidade de sauás deve ser considerado com cautela. Entretanto, 
quando estudamos o comportamento dos sauás nessas mesmas condições, observamos a 
inibição do comportamento vocal dos sauás em paisagens com baixa cobertura florestal, onde 
eles também se encontravam em alta densidade. A baixa proporção de floresta no entorno do 
fragmento focal, dado que a escala de efeito dessa associação com o comportamento vocal 
incluiu apenas os remanescentes vizinhos ao fragmento avaliado, pode representar reduzida 
disponibilidade de recursos florestais decorrentes da fragmentação e perda de hábitat 
[Laurance et al., 2000; Oliveira et al., 2004; Tabarelli et al., 2010]. Essa relação pode sugerir 
que nessas paisagens com baixa cobertura florestal os sauás estão sob intenso estresse, com 
menos recursos florestais disponíveis para uma alta quantidade de indivíduos. Esse cenário 
pode representar o efeito negativo da modificação da paisagem sobre os sauás, que deve ser 
avaliado com cuidado e acompanhado ao longo das gerações, prevenindo o decaimento dessas 
populações nessa região. 
Portanto, os estudos devem considerar cada vez mais a influência de fatores da 
paisagem sobre os padrões estudados, pois respostas biológicas tanto em nível de 
comportamento, populações ou comunidades são afetadas por processos ocorrendo na escala 
de paisagem. Mais ainda, deve ser dada ênfase à escala de efeito em que as relações entre as 





somente a inferência estatística dos dados, mas principalmente a interpretação dos padrões 
observados, compreensão sobre os processos que estão levando àquela resposta, e ampliação 
do nosso conhecimento sobre as espécies e como elas estão lidando com a mudança na 
paisagem. Nosso estudo revela, ainda, que planos para a conservação da biodiversidade local 
devem prioritariamente focar no aumento da cobertura florestal. Entretanto, esses planos 
devem considerar também a distribuição dos remanescentes e das áreas a serem reflorestadas, 
de maneira a melhorar a conectividade da paisagem, e favorecer o fluxo de indivíduos e a 
viabilidade das populações em longo prazo. 
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